Technology Review 





























January 1961: Our Mental Images of Our Cities, Page 19. 











Sealed Cable Systems | 

by Simplex | 
Can do so Many Jobs | 
so Well 


Simplex C-L-X is a packaged combination of cable and 
an extremely pliable, corrugated metal sheath. It 
requires no separate duct or conduit regardless of 
environment. It is available with steel sheath and 
plastic jacketing; and with copper or aluminum 
sheaths, with or without plastic jacketing. 
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By using a single length of 3-conductor 15KV C-L-X 
for both underground and aerial use, a Southeastern 
utility company saved more than 20,000 dollars from 
what it would have cost for a complete underground 
duct system. 


Conduit life in this company’s calcium chloride rec- 
lamation building was only 6 to 9 months. The 
conduit was replaced with a C-L-X cable system which 
— after two years of operation, shows no signs of 
deterioration. 














An East Coast petroleum tank farm used a C-L-X 
8-conductor cable protected with PVC for direct burial 
in ground that was saturated with oil, gas and water. 
Result: Perfect performance at a sizeable savings 
over conduit systems. 














Only Simplex C-L-X offers you: Exceptional Strength 
... Unequalled Pliability . . . Protection from Liquids 
and Gases... Faster Installation and Lower Costs. 
Send for Illustrated Brochure containing Application 
and Engineering Data. 


SIMPLEX WIRE & CABLE @ 


CAMBRIDGE, MASSACHUSETTS 
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This is Cabot / #4 of aseries 


Rolis Royces 


Watch the This, as the sedate Rolls limousine suggests, is London. More precisely, 62 Brompton 
Road, S.W., home of Cabot Corporation in England. 





Chances are excellent that the ‘tyres’ on which the Rolls is rolling contain plenty of 
Roll By Cabot carbon black. The world-wide market for this precious black dust, of which 
Cabot is the number one producer, helps explain why there’s a Cabot France in Paris, 
too. And a Cabot Italiana in Milano. Why Cabot is now at home abroad in no less 
than 58 different countries, on all six continents. 

There’s another good reason why Cabot has long since gone ‘international’: the rapidly 
expanding line of quality Cabot raw materials, now assisting industry the world over in 
producing better and often more economical products. For instance: 


For Industry, from Cabot: 


CARBON BLACK — the world’s most complete 
range ... more than 50 different grades, each 
with a specific industrial use. 


CAB-0-LITE ® (Cabot wollastonite)—as a paint 
pigment, this versatile, uniform calcium sili- 
cate has more desirable properties than other 
extenders used singly or in combination. 
Excellent for all types of paint, and for all types 
of ceramics. 


PT® PINE TAR PRODUCTS — these versatile 
quality controlled materials improve the per- 
formance of a wide variety of products, in- 


cluding: rubber, paint, cordage, oakum 
and insecticides. 

CAB-0-SIL® — this unique airborne silica, in 
extremely small amounts, greatly improves 
an enormous variety of products. Remarkable 
for its unusual combination of properties, it’s 
equally effective as a thixotropic, thickening, 
gelling, suspending, flatting, reinforcing, anti- 
caking, and antislip agent. Used in plastics, 
lubricating oils, greases, paints, varn- 
ishes, lacquers, rubber, sulfur, insecticides, 
pharmaceuticals, cosmetics, and many 
other products. 


OTHER PRODUCTS INCLUDE: CHARCOAL, CHARCOAL BRIQUETS, OIL, NATURAL GAS, 
NATURAL GASOLINE, LIQUEFIED PETROLEUM GASES, PORTABLE WELL DRILLING AND 
SERVICING EQUIPMENT, OIL FIELD PUMPING EQUIPMENT AND STEEL FABRICATION. 


For complete information, phone or write: 


ie pica ti: 








CABOT CORPORATION 125 tigh street, Boston 10, Mass. 





an. internatitomey Known producer of chemicals for industry. 








MORE TRACTION WHEN IT SNOWS... 





MORE MILEAGE WHEN IT DOESNT! 





1. Traction to bite through snow that’s 
hub-cap deep. New Suburbanites by 
Goodyear will take you through places 
you wouldn’t try with other snow tires 
—through snow up to your hub caps. 
Same goes for packed snow and mud. 


2. Turnpike-Proved mileage when the 
roads are clear. That covers most of 
your winter driving. Switch over to 
Suburbanites any time. You won’t 
get caught short in the first snow. 
Goodyear, Akron 16, Ohio. 


3-T SUBURBANITE PRICES START AT $1595 


Black, tube-type 6.70 x 15 plus tax and recappable tire. 


GOODFSYEA 





MORE PEOPLE RIDE ON GOODYEAR TIRES THAN ON ANY OTHER KIND. 


Watch “Pete & Gladys” on TV every Monday evening. 
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Suburbanite, T.M., The Goodyear Tire & Rubber Company, Akron, Ohio. 
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Feedback 








The Origin of INCAP 
FroM RoBERT S. Harris, ’28: 


On page 21 of the November, 1960, 
number of Technology Review it is 
stated that I “participated in the 
meeting of Central Americans which 
led to the establishment of INCAP 
(the Institute of Nutrition of Central 
America) and Panama).” M.I.T. 
played a much greater role in the 
founding of INCAP than this brief 
statement implies. I refer you to Bol. 
Ofic. San Panamericana, p. 902-11, 
1948. 

The concept of INCAP developed 
during 1943-1944 while I was assist- 
ing in setting up the National Institute 
of Nutrition of Mexico. When Dr. 
Bianchi, then Minister of Health of 
Guatemala, invited me to assist in a 
similar development in his country, | 
pointed out that Guatemala is rela- 
tively small, that the other five coun- 
tries in the area have similar food and 
nutrition problems, that it would be 
more efficient and effective if they 
could join together and support an in- 
ternational institute, and that this 
would have more appeal to the foun- 
dation which was supporting our 
work. Dr. Bianchi asked me to pre- 
pare plans for this new institute, and 
the W. K. Kellogg Foundation indi- 
cated a definite interest in the idea. 

In February, 1946, representatives 
of the six countries met in Guatemala 
City under the auspices of the Pan 
American Sanitary Bureau (PASB). 
We presented our plan for the organi- 
zation of INCAP, its financial support 
by member countries, the training of 
technical personnel, the office, library 
and laboratory facilities required, the 
equipment and chemicals needed, the 
types of scientific and clinical pro- 
grams in food and nutrition that 
would be developed, the potential 
source of external funds for fellow- 
ships and equipment, the selection of 
a U.S. scientific director, the organi- 
zation of an executive council to ad- 
minister the institute, and for a scien- 
tific advisory committee. 

(Concluded on page 10) 


JANUARY, 1961 





DONALD H. SHAW, ’60, pictured 
here with Mrs. Shaw, is now attached 
to the Ministry of Finance in Dar es 


Salaam, Tanganyika, Africa. This 
and other posts in which M.1.T. men 
now are serving were found for them 
by Carroll L. Wilson, ’32, who dis- 
cusses Africa’s problems as though 
they were those of a business firm in 
the article on page 29. Other recent 
graduates now in Africa are pictured 
on page 28. 
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New Posts 


NAMED in the news recently were 
the Alumni whose elections, pro- 
motions, and appointments are re- 
ported below: 

Bernard L. Landers, ’15, as a 
Trustee, Beth Israel Hospital, Bos- 
ton, Mass. . . . Raymond H. Blan- 
chard, °17, re-elected President, 
Associated Industries of Massa- 
chusetts . . . John R. Coffin, ’17, 
as President, Jackson & Moreland, 
Inc.; 

John J. Healy, Jr., ’21, as Presi- 
dent, American Institute of Chemi- 
cal Engineers . . . Clinton B. F. 
Brill, ’22, and Kenneth A. Roe, 
41, respectively, as President, and 
as Vice-president, Brill Engineer- 
ing Corporation, New York City; 

Donald G. Vaughan, ’25, as As- 
sistant Vice-president, Aetna Cas- 
ualty and Surety Company and 
Standard Fire Insurance Company, 
Hartford, Conn. Joseph F. 
Clary, ’29, as Vice-president, Sales, 
Railway Division, The Budd Com- 
pany, Chicago, IIl.; 

Frederick E. Mader, ’32, as As- 
sistant Divisional Manager, New 
England Fire Insurance Rating As- 
sociation, Worcester, Mass. 
Samuel A. Groves, ’34, as a Direc- 
tor, First National Bank of Boston 

. John R. Newell, ’34, as Pres- 
ident, Society of Naval Architects 
and Marine Engineers; 

Harold E. Thayer, ’34, as Presi- 
dent, Mallinckrodt Chemical 
Works, St. Louis, Mo. . . . Ben- 
jamin F. Schlimme, Jr., °35, and 
Charles J. Harrington, ’38, respec- 
tively, as Planning Manager, Indus- 
trial and Biochemicals Depart- 
ment, and as Assistant General 
Manager, Elastomer Chemicals De- 
partment, E. I. du Pont de Nemours 
& Company; 

Robert V. D. Campbell, ’38, and 
Charles L. Register, ’50, respec- 
tively, as Director, Research, and 
as General Manager of the Labora- 
tories, Burroughs Corporation . 
Robert B. Gordon, ’39, as Man- 
ager, Technical Operations, Atom- 
ics International Division, North 
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American Aviation, Inc., Canoga 
Park, Calif.; 

George J. Laurent, ’39, as Ex- 
General 


ecutive Vice-president, 
Atronics Corporation, Bala-Cyn- 
‘wyd, Pa... . John W. Lovely, ’39, 


as Service Manager, Bryant Chuck- 
ing Grinder Company, Springfield, 
Vt. . . . Paul N. Stanton, ’39, as 
Vice-president, Marketing, Pratt & 
Whitney Company; 

Stanley E. Webber, °41, and 
William W. Smith, ’49, respective- 
ly, as Manager, Engineering, Trav- 
eling-Wave Tube Product Section, 
Palo Alto, Calif., and as Manager, 
Marketing, Plainville, Conn., Gen- 
eral Electric Company . . . Paul 
L. Hotte, 42, as President, Mallory 
Metallurgical Division. P. R. Mal- 
lory and Company, New Bedford, 
Mass.; 

Robert W. Beatty, ’43, as Chief, 
Microwave Circuit Standards Sec- 
tion, National Bureau of Standards, 
Boulder, Colo. Charles A. 
Hathaway, ’43, as Vice-president, 





STUDIES OF FRICTION WELDING in American Machine & Foundry Com- 
pany’s Central Research Laboratory at Stamford, Conn., are reported to have 
resulted in a better understanding of the process. Pictured here during the weld- 
ing of high carbon steel are M. B. Hollander, ’53 (left), and F. Camps-Campins. 





Torrington ManufacturingCompany, 
Torrington, Conn. . . . William S. 
Edgerly, ’49, as Treasurer, God- 
frey L. Cabot, Inc., Boston, Mass.; 

James A. Daley, ’50, as Associ- 
ate Director, Electronics Research, 
Prudential Insurance Company, 
Boston, Mass. . . . Harry E. Grav- 
lin, Jr., “50, as Operations Man- 
ager, Hamilton Standard Division, 
United Aircraft Corporation; 

Irvine F. Williamson, ’50, as 
Plant Superintendent, Norton Com- 
pany, Santa Clara, Calif. . . . Forest 
C. Monkman, Jr., ’51, as Vice- 
president, Engineering and Re- 
search, Walworth Company, Bos- 
ton, Mass. 


Weisskopf to CERN 


AN M.I.T. Professor of Physics, 
Victor F. Weisskopf, has been ap- 
pointed a scientific director of the 
European Organization for Nu- 
clear Research (CERN) even 
though the United States is not one 
of its 13 members. Professor Weiss- 
kopf was born in Vienna and edu- 
cated at the University of Gotting- 
en. He came to the United States 
in 1937 and has been an American 
citizen since 1943, when he joined 
the Manhattan Project. 

(Continued on page 8) 
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ELECTRONIC 
SYSTEM ENGINEERING 


The New Field for Scientific Generalists 


Present day decisions at the highest level of military command require 
a range and precision of communication and information processing 
beyond that conceivable in the past. Probably the greatest single new 
influence on the requirements for the decision-making process is the 
sharp reduction in reaction time which results from the introduction 
of the ballistic missile. 


To cope with this problem, science and technology must provide 
the Military Commander with the means to exercise his command 
effectively. It must give him the facilities by which he can evaluate 
and extend his control over his weapons. Without such support to 
the Commander and his command organization, effective peacetime 
deterrence, wartime defense and retaliation are impossible. 


Optimization of the command and control function can be facili- 
tated by electronic systems which collect, transmit, process and dis- 
play the data required for the decision-making process. These systems 
involve, to an unusual degree, interrelationships among technical 
factors, operational factors and the command structure in which the 
systems are to function. Further, these system requirements cannot 
be considered independently of the technical capabilities of men 
and machines. 


The MITRE Corporation is a nonprofit organization formed in 
1958 under the sponsorship of the Massachusetts Institute of Tech- 
nology. It provides technical support to the United States Air Force’s 
Command and Control Development Division and the Federal Avia- 
tion Agency. Jts nucleus is composed of the engineers and scientists 
who designed and developed SAGE, the world’s largest real-time 
control system —and SATIN, a modern Air Traffic Control System. 
Its task is to design, develop and evaluate large-scale, computer-based 
command and control systems. 

MITRE, a rapidly expanding organization of 1400 people, is 
located in Suburban Boston, Massachusetts. Career openings are 
available in Bedford, Massachusetts, Montgomery, Alabama and Fort 
Walton Beach, Florida. 


Inquiries may be directed, in confidence, to 
Vice PresipENT —TECHNICAL OPERATIONS 


THE 


MITRE 


CORPORATION 








POST OFFICE BOX 208, 7-MO, BEDFORD, MASSACHUSETTS 
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(Above) The Eddystone station of Philadelphia Electric Company. It con- 
tains two 325,000-kilowatt turbine-generators, both utilizing “super- 
critical” pressure steam supplied by Combustion Engineering boilers of 
the C-E Sulzer Monotube design. 





(Left) Perched atop the furnace roof at Eddystone, this complex maze of 
headers and tubes is part of the arterial system through which water 
and steam flow. Each furnace (there are two per boiler) stands as high 
as a 14-story building. The boiler contains approximately 170 miles of 
tubing and, when running at full capacity, consumes about 100 tons 
of coal an hour. 








At the Eddystone station of Philadelphia Electric Com- 
pany, steam, harnessed and squeezed to the record 
“supercritical” pressure of 5,000 pounds per square 
inch, is used to spin a giant 325,000-kilowatt turbine- 
generator—a machine capable of supplying the residen- 
tial electric needs of a city of about two and one half 
million people. The steam is supplied by a single Com- 
bustion Engineering boiler —a C-E Sulzer Monotube 
Steam Generator—which, in addition to being the world’s 
highest pressure boiler, is designed to produce steam at 
a record-breaking 1200°F—a temperature high enough 
to melt lead, zinc or magnesium. The temperature of this 
steam so greatly exceeds the capabilities of normal metals 
that specially compounded stainless steels were developed 
to contain it. Even they glow a cherry red. This unit was 
placed in commercial service in February, 1960. 


- > The world’s most advanced power station 


A second 325,000-kilowatt unit, also operating in the 
“supercritical” pressure range, was placed in service at 
Eddystone in October, 1960. It, too, is served by a C-E 
Sulzer Monotube Steam Generator. 

The pressure-temperature conditions of Eddystone 
No. 1 are equaled nowhere in the world and represent 
the world’s most efficient power plant cycle. The adop-. 
tion of these new highs by Philadelphia Electric Com- 
pany exemplifies the continuing efforts being made by 
the utility industry to assure that electric energy 
remains the country’s best buy. 

Thus, as the decade of the sixties begins its second 
year, power plant progress continues apace. It is gratify- 
ing to note that, as in the decade past, boilers designed 
and built by Combustion continue to account for about 
40 per cent of the new capacity being added by Amer- 
ica’s electric utility industry. 





COMBUSTION ENGINEERING i 





General Offices: Windsor, Conn. « New York Offices: 200 Madison Avenue, New York 16, N. Y. 


ALL TYPES OF STEAM GENERATING, FUEL BURNING AND RELATED EQUIPMENT; NUCLEAR REACTORS; 
PAPER MILL EQUIPMENT; PULVERIZERS; FLASH DRYING SYSTEMS; PRESSURE VESSELS; SOIL PIPE 
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Major Expansion in the program of the 
Laboratory requires participation of 
senior members of the scientific com- 
munity in our programs: 


RADIO PHYSICS and ASTRONOMY 
SYSTEMS: 

Space Surveillance 

Strategic Communications 

Integrated Data Networks 
NEW RADAR TECHNIQUES 
SYSTEM ANALYSIS 
COMMUNICATIONS: 

Techniques 

Psychology 

Theory 
INFORMATION PROCESSING 
SOLID STATE Physics, Chemistry, and Metallurgy 


@ A more complete description of the Laboratory's 
work will be sent to you upon request. 


Research and Development 
LINCOLN LABORATORY 
Massachusetts Institute of Technology 


BOX 28 
LEXINGTON 73, MASSACHUSETTS 
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Individuals Noteworthy 
(Continued from page 4) 





Centennial Participants 


WORLD LEADERS in the arts, science, 
engineering, and technology who 
will be in Cambridge during the ob- 
servance of M.I.T.’s centennial this 
spring will include: 

Raymond Aron, Professor of Po- 
litical Science, Sorbonne, Paris. 

Sir Eric Ashby, Master of Clare 
College, Cambridge, England. 

Lloyd V. Berkner, Brookhaven 
National Laboratory Director, New 
York. 

H.B.G. Casimir, Director of Re- 
search, Philips, Eindhoven, Nether- 
lands. 

Brock Chishelm, World Health 
Organization, Canada. 

Lucio Costa, planner of Brasilia, 
Brazil. 

Sir Willis Jackson, Director of 
the Association of Electric Indus- 
tries, Manchester, England. 

Humayun Kabir, Minister of Ed- 
ucation and Cultural Affairs, India. 

D. S. Kothari, Professor of Phys- 
ics, Delhi University, India. 

W. Arthur Lewis, Principal, Uni- 
versity College of West Indies, Ja- 
maica, B.W.I. 

Robert S. Morison, The Rocke- 
feller Foundation, New York. 

Eni Njoku, Professor of Botany, 
University College, Ibadan, Nigeria. 

Pier Luigi Nervi, architectural 
engineer, Italy. 

Sven Markelius, architect and 
city planner, Sweden. 

I. I. Rabi, Professor of Physics, 
Columbia University, New York. 

Adam Schaff, Professor of Lin- 
guistics, University of Warsaw. 


To Give Recitals 


THE M.1.T. Humanities Department 
will present Marie-Claire Alain 
and Lady Susi Jeans in organ reci- 
tals in Kresge Auditorium at 8:30 
P.M. on March | and April 12 re- 
spectively. 

Lady Susi Jeans is the widow of 
the British scientist, Sir James Jeans. 
She is noted both for her perform- 
ances as an organist and harpsi- 
chordist and her work in the field 
of music history. 

Marie-Claire Alain, a recipient 
of the Grand Prix du Disque, will 
be making her first visit to this 
country. 

(Concluded on page 46) 
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Said Gaspard de Coriolis: “A particle which is subject to no forces in a rotating coordinate 
system experiences a radial acceleration and a tangential acceleration.” 
It was around 1840 that Coriolis discovered what has since become known as the Coriolis Effect. He noticed objects above 
the earth tend to rotate relative to the earth's rotation . . . to the right in the northern hemisphere, to the left in the southern. 
The Coriolis Effect is in force in outer space, too. If a space vehicle is rotated in order to establish artificial gravity, the 
necessarily short radius of the rotation causes a Coriolis force. This creates orientation problems for a human occupant, 
To eliminate this difficulty, a scientist at Lockheed Missiles and Space Division conceived the idea of connecting the vehicle 


‘to an auxiliary fuel tank by a half-mile-long cable. Thus, if the whole system is then rotated at a reduced speed around its 


center of mass gravity, the longer radius greatly minimizes the Coriolis force. Right now—on the drawing boards at Lockheed 
—is an enormously advanced space vehicle system which utilizes this concept, in addition to many others. 

Fortunately, natural laws are about the only restrictions which circumscribe scientists and engineers at Lockheed Missiles 
and Space Division. The climate in Sunnyvale and Palo Alto, on the San Francisco Peninsula, is close to perfection. The 
creative atmosphere—the opportunity to work on such important projects as the DISCOVERER, MIDAS and SAMOS satellites, the 
POLARIS FBM, or even more advanced concepts such as the space system cited above—is the dream of the creative engineer. 

Why not investigate future possibilities at Lockheed? Write Research and Development Staff, Dept. M-11D, 962 West El 
Camino Real, Sunnyvale, Calif. U.S. citizenship or existing Department of Defense industrial security clearance required. 


Lockheed / mssues AND SPACE DIVISION 


Systems Manager for the Navy POLARIS FBM; the Air Force AGENA Satellite in the DISCOVERER, MIDAS and SAMOS Programs 


SUNNYVALE, PALO ALTO. VAN NUYS, SANTA CRUZ. SANTA MARIA, CALIFORNIA + CAPE CANAVERAL, FLORIDA + HAWAII 
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In your expansion 
and new construction 
plans include 


Gas 
Insurance 


to gear your fuel supply 
to your production 
schedule 


Your production = effi- 
ciency is only as sound as 
your fuel supply. Should 
curtailment of gas become 
necessary, a Draketown 
Propane Plant can keep 
production going  indefi- 
nitely without a minute 
lost. Your investment in 
“Gas Insurance” can pay 
for itself during a single 
short period. 

Send for booklet, “Mod- 
ern Fuel Supply” and see 
how other companies have 
benefited from a Drake- 
town Propane Plant 
no obligation, of course. 





PROPANE PLANTS BY 
Drake & Townsend 


INCORPORATED 


Consulting—Design— 
Engineering—Construction 


11 West 42nd Street 
New York 36, N. Y. 


DRAKETOWN (Canada) Ltd. 
819-602 W. Hastings St. 
Vancouver 2 


B. C. Canada 


( Overseas ) 

DRAKETOWN INTERNATIONAL 
CORP. 

11 West 42nd Street 

New York 36, N. Y. 

MEMBERS: American Gas Assn., 

LP-Gas Assn., American Petroleum 

Inst., National Fire Protection Assn., 

Canadian Gas Assn., Agricultural 

Ammonia Inst. 
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(Concluded from page 3) 





This plan met with enthusiastic ap- 
proval by all delegates, Guatemala of- 
fered to put up the building, and 
PASB was asked to be responsible for 
the organization of INCAP. During 
1948-1949 three chemists, three agron- 
omists, one nutritionist, and three 
physicians attended M.I.T. under fel- 
lowships provided by the W. K. Kel- 
logg Foundation. We drew up the 
plans for the new INCAP building 
and selected equipment and chemicals 
for the laboratories, and these were 
ready in the fall of 1949. 

The PASB was indeed fortunate in 
selecting Dr. Nevin Scrimshaw as the 
first scientific director of INCAP. The 
brilliant direction he has given INCAP 
during its first 12 years is the chief 
reason for its world-wide reputation. 
Only those who have worked in sci- 
entifically underdeveloped areas can 
fully realize the full importance of this 
achievement. For five years I served 
as a member of the advisory commit- 
tee and watched this experiment in 
international scientific collaboration 
bud and then blossom. 

It is fitting therefore that M.I.T. 
should continue to participate and 
counsel in the programs of INCAP, 
for in a very true sense they are re- 
lated as father and child. 


Department of Nutrition, 
Food Science and Technology, 
M.1.T., Cambridge 








BUILT BY 


W. J. BARNEY CORP. 











Ferncliff Mausoleum, Hartsdale, N. Y. 
Gregory Webb, Architect 


The time to achieve savings is 
before starting construction. We 
do it by close cooperation with 
the owner and architect, and by 
thorough planning that eliminates 
costly delays and insures efficient 
use of material and labor. 


W. J. BARNEY CORPORATION 
Founded 1917 


INDUSTRIAL CONSTRUCTION 
101 Park Avenue, New York 
Alfred T. Glassett, ‘20, President 
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Donald W. Douglas, Jr., President of Douglas, 
discusses valve and fuel flow requirements 
for space vehicles with Dr. Henry Ponsford, 
Chief, Structures Section. 


Spaceliners have 
the biggest thirst 
in the universe 


Each 6,000,000 pound thrust rocket 
ship now being planned for manned 
interplanetary exploration will gulp 
as much propellant as the entire 
capacity of a 170 passenger DC-8 
Jetliner in less than 4 seconds! It 
will consume 1,140 tons in the 
rocket’s approximately 2 minutes of 
burning time. Required to carry this 
vast quantity of propellant will be 
tanks tall as 8 story buildings, strong 
enough to withstand tremendous G 
forces, yet of minimum weight. 
Douglas is especially qualified to 
build giant-sized space ships of this 
type because of familiarity with every 
structural and environmental prob- 
lem involved. This has been gained 
through 20 years of experience with 
missile and space systems. 


Douglas is now seeking qualified 
engineers, physicists, chemists and 
mathematicians for programs like 
SATURN plus others suchas ZEUS, 
SKYBOLT, MISSILEER, DELTA, 
GENIE and ANIP. For full informa- 
tion write to Mr. C. C. LaVene, 
Douglas Aircraft Company, Inc., 
Santa Monica, California, SectionN. 





MISSILE AND SPACE SYSTEMS @ MILITARY AIRCRAFT 
DC-8 JETLINERS @ CARGO TRANSPORTS 
AIRCOMB® ® GROUND SUPPORT EQUIPMENT 
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Scientists, Engineers, 
Chemists, Physicists: 





AT MELPAR YOU 
ARE ENCOURAGED TO APPLY 
YOUR INDIVIDUAL THEORIES 


with a rewarding future and incentive for personal growth 


Imaginative engineers, sparked by sharp, 
creative curiosity, have a unique opportunity 
to advance at Melpar . . . for Melpar recog- 
nizes that only by giving engineers the oppor- 
tunity to evolve their own concepts and de- 
signs will they have a challenging incentive 
for individual growth and success. 


Specializing in research, development, and 
production of electronic equipment for the 
U.S. Government and major prime contrac- 
tors, Melpar employs over 4,500 people. Ap- 
proximately one-third of them are creative 
individual contributors—scientists, engineers, 
chemists, physicists, and other specialized pro- 
fessionals. Their knowledge and technical 
intelligence are invaluable in Melpar’s expand- 
ing program of stimulating projects, and their 
individual contributions are justly rewarded. 


Many of Melpar’s Staff Are M..T. Graduates 
This is a partial list: 
Thomas Meloy, President Russell A. Lindberg 
William L. Mahood 
Ronald J. Massa 
David S. Muhlenberg 


- 
| 
| 
| 
| 
| 

Roger Barron ; 

| 
| 
| 

Michael Myers 

| 
| 
| 
| 
| 
| 
| 
| 
J 


r 
| 

| 

| 

| 

| 

| Emmett H. Bradley 
| Yoahan Chu 

| 

| Paul Cooper 

; Kenneth J. Fawcett 
| Kenton J. Ide 

; Charles S. Krakauer 
| Herman Lake 

David Lee 

| 


Clair F. Parker 
Robert H. Rosenbaum 
Blanchard D. Smith 
Oscar Stiegler 
Steven Sussman 
William Welch 


For information about provocative positions and for descriptive 
Melpar brochure, write to Melpar Professional Placement Man- 
ager, Falls Church, Virginia. Qualified candidates will be invited 
to visit Melpar at company expense. 
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Melipar Personnel Live and Work 
in a Compatible Atmosphere 


Located in historic Fairfax County, Virginia, 
Melpar’s Main Plant and Office cover nearly 
1,000,000 square feet in the beautiful, rolling 
countryside. Fine homes and apartments are 
available in a lovely suburban area. And just 
10 miles away in Washington, D. C., are the 
cultural, recreational, and diplomatic activi- 
ties of the nation’s capital. 


In Watertown, Massachusetts, Melpar’s Ap- 
plied Science Division offers M.I.T. graduates 
the opportunity of living in New England once 
again... where seaside and mountain resorts 
are accessible in summer, winter sports an 
easy drive away, and Boston’s theatres, con- 
certs, art galleries, and museums close at hand. 


Scientists and Engineers: Space Dynamics, including navigation, 
guidance, and simulation; pattern recognition techniques, including 
extension of conventional machine organization concepts; digital 
data handling systems; phase-coherent, anti-multipath correlation 
systems; matched filters; ambiguity analysis and waveform de- 
signs; signal coding; optics; acoustics; electromagnetic radiation; 
senior system and circuit design engineers. 

Chemists, Physicists, and Biochemists: Physical, organic, analyt- 
ical, theoretical, solid state, enzymology, and applied research. 


An Arsenal of Technology <M) 


NELPAR =F inc 


’ 
A Subsidiary of Westinghouse Air Brake Company 


Headquarters Plant and Office: 


3000 Arlington Boulevard, Falls Church, Virginia 


Applied Science Division: 
11 Galen Street, Watertown, Massachusetts 











Are you looking for an unusual oppor- 
tunity? If you're technically trained, yet 
have a flair for business . . . take a few 
minutes to talk to IBM. Here, in the 
dynamic marketing areas of electronic 
data processing, you may find the 
“‘growth situation’’ you need to make 
the most of a scientific background. 





You help management executives, in 
many different industries, study and 
analyze business problems, find the 


solutions on data processing systems, 
and assist the customer in putting the 
solutions into effect. Electronic data 
processing offers unique opportunities 
for outstanding technically trained 
young men. It’s a new professional 
occupation where promotions come 
quickly and earnings are high. 
Openings are availabie throughout the 
country in either systems engineering 
or direct sales. 





DATA PROCESSING DIVISION 





is there room for you in management? 


If you are a recent graduate and hold 
a bachelor’s or advanced degree in 
engineering, science, or mathematics, 
call any of our 200 offices or send a 
resume to: 

Charles B. Finley 

IBM Corporation 

425 Park Avenue 

New York 22, New York 

All inquiries will be acknowledged and 
treated confidentially. 
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Advanced power conversion systems for space vehicies utilizing energy of the 


sun or heat from a nuclear reactor are now being developed by Garrett’s AiResearch divisions. Under 


evaluation are dynamic and static systems which convert heat into a continuous electrical power supply 


for space flight missions of extended duration. Component and material developments for these systems 
are being advanced in the fields of liquid metals, heat transfer, nonmechanical and turboelectric energy 
conversion, turbomachinery, alternators, and controls — vital contributions by Garrett to the conquest of space. 


* Outstanding opportunities for qualified engineers 


THE CORP RATION 
AiResearch Manufacturing Divisions 


LOS ANGELES 45, CALIFORNIA ® PHOENIX, ARIZONA 
OTHER DIVISIONS AND SUBS/DIARIES: AIRSUPPLY-AERO ENGINEERING @ AIRESEARCH AVIATION SERVICE ¢ GARRETT SUPPLY « AIR CRUISERS 
AIRESEARCH INDUSTRIAL *® GARRETT MANUFACTURING LIMITEDe MAR WEDEL *¢ GARRETT INTERNATIONAL S.A.*@ GARRETT (JAPAN) LIMITEO 
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Outstanding New Books from McGraw-Hill 


TIME-HARMONIC ELECTROMAGNETIC 
FIELDS 

By Roger F. Harrington, Syracuse University. 

The McGraw-Hill Electrical and Electronic Engineer- 

ing Series. Ready this month 


A graduate-level text and reference book presenting the 
mathematical techniques for handling electromagnetic engi- 
neering problems. The material is arranged according to 
the similarity of mathematical techniques rather than ac- 
cording to devices. Theorems are proved and formulas de- 
rived; numerous practical examples illustrate the theory. 


THEORY OF METAL CUTTING 
By Paul H. Black, Ohio University. Ready this month. 


An undergraduate text designed to provide the student 
with a theoretical and scientific understanding of the 
machining of metals. Consideration is given the cutting 
tool, the workpiece, the chip, and the cutting fluid. Dis- 
cussions are included of solid-state physics as related to 
mechanical properties of materials, of the mechanics of 
the cutting process, lubrication and wear, and indications 
of how the developments can be utilized for the ultimate 
aim: increased production. 


AN INTRODUCTION TO INFORMATION 
THEORY 


By F. M. Reza, Syracuse University. The McGraw- 
Hill Electrical and Electronic Engineering Series. 
Ready in April, 1961. 


This book will consist of an introductory treatment of 
basic concepts in probability theory, followed by an intro- 
ductory treatment of information theory concepts. Designed 
for a two-semester course for first year graduate students. 


ELECTRONICS IN ENGINEERING. 
Second Edition 


By W. Ryland Hill, University of Washington. 
352 pages, $8.00. 


This revised and updated second edition is designed for 
non-E. E. majors and intended as a sequential extension 
of the Loew-Bergseth text. The elements of vacuum and 
solid state electronic devices, examples of their use in 
electronic circuits and an analysis of these circuits are in- 
cluded. The text presumes a knowledge of basic circuit 
theory. 


THERMODYNAMICS. Second Edition 


By G. N. Lewis and M. Randall (Revised by Kenneth 
S. Pitzer and Leo Brewer, both of the University of 
California, Berkeley). McGraw-Hill Series in Advanced 
Chemistry. Ready in February, 1961. 


A revision by two top men in their field of a 1923 classic. 
The informal and much-admired style of the first edition 
has been retained and will make the book very appealing 
to all its readers. Because the last edition of the book was 
37 years ago, there is much new material included in the 
new edition, particularly in the middle and late chapters. 
These chapters have now been brought up to the present 
frontiers of thermodynamics. Illustrative materials have 
been brought up to date. As before, illustrative problems 
are worked out in considerable detail. 


MODERN PHYSICS FOR THE ENGINEER, 
Second Series 

By Louis N. Ridenour; and William A. Nierenberg, Uni- 

versity of California, Berkeley. University of California 

Engineering Extension Series. Ready this month, 


This compilation of lectures coordinated by Dr. Nierenberg 
is the second volume derived from a high successful ex- 
tension course given at the University of California with 
distinguished physicists and educators as lecturers. Follow- 
ing the technical organization of the earlier volume, there 
are three main sections: The Laws of Nature, Man’s Physi- 
cal Environment, and Technology. 


MANUFACTURING PROCESSES 


By James S. Campbell, University of California, Berke- 
ley. Ready this month. 


A sophomore level text covering the principles involved in 
all important manufacturing materials and processes: heat 
treatment, casting processes, hot and cold working processes, 
machinery processes. Emphasis is placed on general prin- 
ciples rather than particular machines. Line drawings and 
chapter bibliographies. 


MODERN MATHEMATICS FOR THE ENGI- 
NEER. Volume Ii 


Edited by Edwin F. Beckenbach, University of Califor- 
nia. University of California Engineering Extension 
Series. 480 pages, $9.50. 


A text for engineers, scientists, mathematicians, students, 
teachers and others who wish to become or remain in- 
formed concerning current applicable mathematical de- 
velopments. Topics included have had recent spectacular 
applications in mathematics or are likely soon to be applied 
in physical, sociological or biological sciences—in either 
case they involve a degree of mathematical subtlety. 


PRINCIPLES OF INERTIAL NAVIGATION 


By C. J. Savant, University of Southern California; 
Robert C. Howard, Giannini Controls Corporation; and 
C. A. Savant, Northrop Corporation. Ready this month. 


A senior-graduate text devoted entirely to inertial naviga- 
tion. This book will be of great interest to people concerned 
with missile engineering and space technology. Previously 
classified information is presented with a systematic sum- 
mation of the unclassified literature in the field. General 
bibliography included. 


COMPLEX VARIABLES AND THE LAPLACE 
TRANSFORMATION FOR ENGINEERS 


By Wilbur R. LePage, Syracuse University. International 
Series in Pure and Applied Mathematics. 
475 pages, $12.50. 


A graduate level textbook on the mathematics used in the 
analysis of linear systems. Emphasis is placed on interpreta- 
tion of mathematical ideas of importance in engineering 
applications. Includes the mathematical topics of complex 
variable theory, Fourier and Laplace transformations, a 
brief discussion of linear intergrodifferential equations, and 
an extensive philosophical discussion of impluse functions. 


Send for copies on approval 


McGraw-Hill Book Company, Inc. 


330 West 42nd St. 
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Of 
Affairs 











For International Service 

THE INSTITUTE of International Education has pre- 
sented an award for international service to M.LT. 
Such a citation is given every two years “to dramatize 
the magnitude of the creative contribution which the 
colleges and universities of the United States can make 
to the mutual development of nations.” 

James R. Killian, Jr., °26, Chairman of the Corpora- 
tion, accepted this award in M.I.T.’s behalf in San 
Francisco last month. 

“M.L.T., which is celebrating its centennial, is known 
and respected in every corner of the globe,” the cita- 
tion stated. “Technical ‘know-how’ is characteristic of 
American life, but the scholars of M.I.T. have built a 
university in which scientific study and research to im- 
prove the condition of man have reached new heights. 

“Technical development is not M.LT.’s only con- 
tribution. Strong programs in the humanities and the 
social sciences give M.I.T.’s engineers, scientists, ar- 
chitects and administrators the breadth of vision vital 
to the use of their skills. In this technological institution 
a distinguished Center for International Studies pro- 
vides incisive answers to the complex problems of mod- 
ern social and industrial life. 

“M.L.T. not only welcomes scholars from abroad— 
it encourages its own staff and students to help other 
nations in planning their new industrialization.” 


Make-Believe Worlds and Brains 

FURTHER DEVELOPMENT in the theory of computers, 
Professor Claude E. Shannon, °40, suggested at a Hay- 
den Colloquium this fall, may make new approaches 
possible to problems of epistemology and causality. 
Professor Shannon’s topic was “Causality in Real and 
Simulated Worlds,” and he discussed the history of the 
causality concept in physical science together with var- 
ious possible types of causality in mathematical models 
of universes. 

As science has advanced, he pointed out, some ex- 
periments that were suggested in the past no longer 
seem possible to carry out, although the number of 
technologically feasible experiments has increased. 
We know now, for example, that an experiment re- 
quiring a speed greater than that of light cannot be 
performed, but improvements in our instruments, ma- 
chines, and insights have made other experiments that 
formerly seemed impossible now appear to be techni- 
cally feasible. 
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As currently viewed, the human brain has a finite 
number of inputs from its environment and a finite 
number of ways of affecting that environment. Though 
not yet practical, it is conceivable that an artificial 
brain could be built and placed in an artificial environ- 
ment. Both this brain and its environment would be 
super-duper computers, which would feed and be af- 
fected by each other. The brain-like computer would 
have no way of knowing that the environment supplied 
by the other computer was not real. The artificial 
environment could be made even more capricious, 
if one wished, than the real world, and be made to 
simulate a great range of conceivable environments. 

A study of a simulated brain’s behavior in various 
simulated environments, Professor Shannon concluded, 
would enable us to embed philosophical questions 
concerning epistemology, causality, and the like in 
mathematical models. Thus sharper meanings and, in 
some cases, definite answers are possible for these 
questions. 


Filaments Within Nerves 

FoR A SYMPOSIUM on “Unsolved Problems in Biology” 
during the recent New York meeting of the American 
Association for the Advancement of Science, Peter F. 
Davison of M.I.T. reviewed some of the biologists’ 
knowledge of molecular organization within neurons. 

These nerve cells which transmit impulses from sen- 
sory organs to the brain have long extensions called 
axons. Much research has been devoted to the mem- 
brane phenomena associated with the impulse trans- 
mission along the axons, but recently evidence of 
chemical changes occurring within the nerve cell after 
stimulation has directed attention to structures within 
the neuron and its axon. One such structure, a fibrous 
protein, has been studied in the Institute’s Department 
of Biology. Obtained from huge squid caught off the 
coast of Chile, this protein is flown to M.I.T. 

When shadowed by metal and magnified 25,000 or 
more times, the filaments shown in the photograph at 
the top of this page can be seen and studied. Whether 
these filaments figure directly or indirectly in the ex- 
citation of the nerves or whether they participate in 
metabolic processes is not known. Such fibers, how- 
ever, are found in all nerve cells and axons and hence 
they probably have an essential role to play in neuronal 
function, 












The High Building 


For Earth Sciences 


GROUND was broken last month for the building that 
will house the Center for Earth Sciences at M.LT. It 
was made possible by a gift from Cecil H. Green, °23, 
and Mrs. Green, of Dallas, and is scheduled to be 
completed in 1962. This will be the first 20-story 
building in Cambridge. It will be east of the Compton 
and Dorrance Laboratories, about 200 yards north of 
Memorial Drive. It was designed by I. M. Pei, ’40, and 
his associates, and is pictured elsewhere in this issue 
with other examples of their work. (See Page 22.) 

This high structure, 120 feet long and 50 feet wide, 
will be unusual in several respects: 

@ Four corner columns will support it. Stair, elevator, 
and mechanical shafts will be in the building’s ends, 
leaving all floors free of structural obstructions. 

@ Its floors will be prestressed concrete joists, resting 
on floor-high Vierendeel trusses, the webs of which 
will be hollowed out by oval windows. These trusses 
will transmit their loads to the four corner supports, 
and the whole will be braced against the wind by the 
end walls. The ground floor will be completely open 
except for the entrance lobbies. 

@ The exterior of the building will be cast architec- 
tural concrete and the surface will be lightly sand- 
blasted to expose some of the stone aggregate. Aside 
from its 325-foot height, its most eye-catching feature 
will be its oval windows. 

The Center for Earth Sciences which this building 
will accommodate is one of five new major centers for 
research and graduate study included in the Second 
Century Program. Its facilities are now mainly in 
Buildings 20 and 24. The former is the temporary 
wooden structure which housed the wartime Radiation 
Laboratory, and the latter is a seven-story building 
that is now overcrowded. 

The first floor above ground level in the new building 
will be occupied by an auditorium seating 250 persons 
and intended for general use. On the second floor, the 
final one accessible by a main stairway, visitors will 
find three large classrooms, three seminar rooms, and a 
student lounge. Proceeding upward to the other floors 
one will see: 

Third—Teaching laboratories for the Department of 
Geology and Geophysics and a storage area for rock 
samples and ores, 

Fourth—Research and teaching laboratories in pa- 
leontology and structural and historical geology. 

Fifth—A laboratory for high-pressure experimenta- 
tion and study of phase changes in minerals, the Geol- 
ogy Department’s machine shop, and faculty offices. 

Sixth—Four more faculty offices, and facilities for 
research and teachinz of geophysics. 

Seventh—The crystallography laboratory directed 
by Institute Professor Martin J. Buerger, ’24; the head- 
quarters of the School for Advanced+Study which he 
heads; and additional research facilities, a classroom, 
and a seminar room. 

Eighth—The Cabot Spectrographic Laboratory; 
laboratories for sedimentology and related subjects; 
three more faculty offices and one seminar room. 
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Ninth—The mass spectroscopy room, a room for the 
separation of minerals, a chemistry laboratory, and 
quarters for professors and graduate students. 

Tenth—Headquarters of the Department of Geol- 
ogy and Geophysics, a faculty lounge, a large class- 
room, and a good-sized seminar room. 

Eleventh—The Lindgren Library. 

Twelfth—A teaching laboratory for sedimentology, 
stratigraphy and petroleum geology, another classroom 
and seminar room, and offices for teachers. 

Thirteenth—Offices, graduate student rooms and fa- 
cilities for the study of geochemistry, including radio- 
chemistry. 

Fourteenth—Facilities for research 
oceanography and meteorology. 

Fifteenth—Laboratories, faculty offices, and gradu- 
ate student rooms for researchers in meteorology. 

Sixteenth—Headquarters of the Department of 
Meteorology, offices, seminar rooms, and laboratories, 

Seventeenth—The synoptic meteorology room, plot- 
ting room, two laboratories, offices, and a seminar 
room. 

Eighteenth—A meteorological instrument labora- 
tory, and more offices and rooms for classes. 

Nineteenth—Weather radar console room and staff 
laboratories, plus a machine shop. 

Twentieth—This, in addition to air-conditioning 
gear and other mechanical requirements, will contain 
a radar transmitter, and the roof will be a complete 
meteorological laboratory. 

From this high point, the meteorologists will have 
an unrestricted horizon for their radars, balloon-sound- 
ing equipment, and other atmospheric probes. They 
will be above much of the smoke and dust of the city 
and have one of the finest views obtainable of Cam- 
bridge and Boston. 

Three weather radars, each at a different level on 
the roof, will be able to “see” many miles without 
interference from surrounding buildings, watch the 
approach of rainstorms, and help keep M.I.T. in the 
forefront of the “new, vital and exciting era” which 
Professor Henry G. Houghton, ’27, forecasts. 

All told, about 150 carefully selected graduate stu- 
dents and 50 undergraduates will work in the new 
building under the guidance of 50 professors. Distin- 
guished foreign earth scientists will join them from 
time to time. “Eager students,” Professor Robert R. 
Shrock promises, “will have the opportunity to partici- 
pate in great advances—and they will learn by doing, 
the dominant attitude in all M.L.T. activities.” 

The new center, President Julius A. Stratton, ’23, 
predicted as ground was broken for it, “should stimu- 
late a much closer integration of our efforts in both 
teaching and research and give our whole program in 
the earth sciences a drive it could not otherwise 
achieve.” 

“In thinking of the new center,” said Mr. Green, 
“I am obsessed with the idea that it is to serve as a 
forum, or a meeting place, for those mathematicians, 
physicists, chemists, biologists, and engineers who hap- 
pen to have an interest in the problems of the earth 
sciences. . . . With this integration of interests, we 
are bound to have a center here that will attain great 
international as well as national stature.” 
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A European M.LT. Is Urged 


A sruDy of ways whereby science in the Western 
world might be strengthened has resulted in a recom- 
mendation that the nations of western Europe consider 
the establishment of an International Institute com- 
parable to M.I.T. “in size, scope, and quality.” 

This study was suggested at meetings of the Science 
Committee of the North Atlantic Treaty Organization, 
and was made by a distinguished committee headed by 
M. Louis Armand, former President of French Rail- 
ways and former President of EURATOM. The Ford 
Foundation provided financial help, and the Fonda- 
tion Universitaire of Brussels administered the funds. 

As envisioned by the committee, the proposed Inter- 
national Institute would be a center for research in 
oceanography, meteorology, materials, space, and other 
areas of science. It would concentrate on work at grad- 
uate level, grant its own degrees, and welcome students 
from less developed countries. 

“Although it is doubtful,” the committee wrote, 
“whether any single European country has the re- 
sources in man power and money to proceed on its 
own, it is certain that western Europe as a whole could 
easily muster the required talent and equipment.” 


The “Russian” Dormitory 


TEN M.I.T. STUDENTs living on the third floor of Senior 
House now speak only Russian there. Guided by David 
Pearlmutter, instructor in the Department of Modern 
Languages, they do this voluntarily—and recently led 
some visitors from Russia to think that the Institute had 
“a Russian dormitory.” They have fooled others, too, by 
conversing in Russian during meals. 
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In these students’ rooms, everyone speaks in Russian. 
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Station Manager “Buck” Rogers, Jr., °61, at a WTBS mike. 


WTBS-FM Due in April 


THE M.I1.T. STUDENTS’ radio station, WTBS, is prepar- 
ing to become WTBS-FM, 88.1 megacycles, and thus to 
enlarge its audience to include all living groups, nearby 
colleges, and other listeners within a few miles of the 
Institute. Permission to construct and test equipment 
required for the step has been received from the Federal 
Communications Commission. The first FM broadcast, 
it is now hoped, will be made during Centennial Week. 


Human Potentialities 


IN THE LAST of six lectures entitled “What a Piece 
of Work Is a Man,” at M.LT. last fall, Aldous Huxley 
pleaded for a systematic study of means of realizing 
more of man’s potentialities. Physiologically, he ob- 
served, we have not changed much in the last 20,000 
years, but our achievements and opportunities have be- 
come greater. It is likely, he continued, that potentiali- 
ties for rationality, affection, and creativity still lie la- 
tent in us, and might be brought out in a variety of 
ways. But, he concluded, since “truth lies at the bottom 
of the well, and the well is very often muddy,” much 
more study is needed of means of developing human 
potentialities. 

All of Mr. Huxley’s lectures in Kresge Auditorium 
drew capacity crowds. They were presented by the De- 
partment of Humanities, as part of the Institute’s Cen- 
tennial Program, and Mr. Huxley will return to Cam- 
bridge to participate in the exercises in April. 


An Institute Historian 


JOHN S. MASLANKA, 61, of New Bedford, Mass., helped 
prepare the Boston Herald’s 180-page Sunday supple- 
ment last fall about M.I.T., and now has chosen as the 
subject for his senior thesis: “William Barton Rogers’ 
Conception of an Institute of Technology.” 

President Rogers, he says, raised engineering from a 
craft learned by serving an apprenticeship to a profes- 
sion taught by the scientific method, and also started 
the “tough educational policy” at M.I.T. with his grade 
system: G for good, S for satisfactory, P for poor, and 
N for “next to nothing.” 

Mr. Maslanka’s digging is helping many of those re- 
sponsible for centennial affairs. 
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The Waste-Makers’ Problems 


AT THE National Conference on Water Pollution last 
month in Washington, Professor Rolf Eliassen, °32, of 
M.I.T.’s Department of Civil and Sanitary Engineering 
pleaded for more study of the effects of new and exotic 
chemical contaminants, techniques of recovering waste 
materials, and means of preventing various kinds of 
stream pollution. 

Some of the new synthetic chemicals pass unchanged 
through water-treatment plants and are not oxidized by 
the natural self-purification processes of streams, he 
warned. “To leave no stones unturned,” he said, “this 
conference must ask the chemical industry: What are 
the chances of changing the structure of some of the 
widely used synthetic chemicals which contribute to 
water contamination? It should not be difficult for the 
chemical industry to develop a different series of com- 
pounds and produce some which could be broken down 
by bacteria, and still be relatively inexpensive.” 

His recommendations also included a call for re- 
search regarding the incidence of viruses in municipal 
waste waters. “Water filtration plants,” he pointed out, 
“are not capable of removing viruses. Very little is 
known about the viral contamination of ground waters 
or streams, or of the fate of viruses in the water en- 
vironment. Much research is needed in this field, per- 
haps taking advantage of modern radioactive tracer 
techniques to tag viruses and follow their behavior.” 

Such work is now being undertaken in the Sedgwick 
Laboratories of Sanitary Science at M.I.T. 


Fall-Out Simulation 


A NEW MEANS of assigning “shelter factors” to build- 
ings of all kinds for civil defense was revealed this fall 
by Eric T. Clarke, °44. By pumping a pellet of radio- 
active cobalt through a hose laid out in concentric circles 
around a model of a building, he can simulate the effects 
of fall-out from nuclear explosions and determine how 
much less persons in various parts of the building would 
be affected than they would be if they remained out- 
doors. Dr. Clarke is vice-president for Research and 
Development of Technical Operations, Inc., which de- 
vised this method of evaluating shelters for the Office 
of Civil and Defense Mobilization. 





Eric T. Clarke, °44, with a pellet used to study fall-out. 


18 





Apparatus Aloft 


THREE BIG BALLOONS carried apparatus to altitudes of 
more than 100,000 feet last year for the Cosmic Ray 
Group of the M.I.T. Laboratory for Nuclear Science. 
The third flight was made in October, from near 
Bruning, Neb., to Port Clinton, Ohio, and took about 
15 hours. Medford Webster, a guest of the laboratory, 
now is analyzing the data recorded on photographic 
film during this flight, as part of the cosmic gamma- 
ray research which the Atomic Energy Commission, 
the Navy, and the Air Force sponsor jointly. 

“The experiment,” Dr. Webster told reporters when 
the 3,800,000-cubic-foot sphere rose with a 1,000- 
pound gondola full of apparatus beneath it, “will help 
us learn more about how the sun works. From such 
space explorations, we can better determine what 
reaches the earth from outer space.” 


Progress With Magnetism 


A NEW metallic compound with unusual magnetic 
characteristics—described at a Conference on Magnet- 
ism in New York in November—has resulted from re- 
search done by Monroe S. Sadler, °42, and Howard S. 
Jarrett, °51, with others in the Central Research De- 
partment of E. I. du Pont de Nemours and Company. 

It is a brittle, gray manganese compound that be- 
comes magnetic when the temperature rises above a 
certain point and ceases to be so when the temperature 
drops below that point. This transition point is prede- 
termined by the material’s chemical composition, and 
can be adjusted over a range of several hundred de- 
grees by changing the composition of the compound. It 
is leading, the Du Pont Company réports, “to a better 
basic understanding of magnetism.” 





The Oceanographers Return 


THE LARGEST of the Woods Hole Oceanographic Insti- 
tution’s five ships, the Chain, completed a five-month 
cruise in November that took three dozen scientists 
and 10 students north of the Arctic circle and into five 
European ports. Over the mid-Atlantic ridge, bottom 
samples and photos were obtained, and the heat flow 
from the earth’s interior was measured. For nearly 20,- 
000 miles, the Chain towed astern a 600-foot instru- 
ment-carrying line with which continuous temperature 
recordings were made. Much of the work, involving 
both old and new techniques, was done in the North 
Sea, the Norwegian Sea, and the North Atlantic be- 
tween Iceland and the British Isles. The American sci- 
entists co-operated in these studies with those aboard 
Norwegian, British, and Scottish research vessels. 


The Alumni Council’s Meeting 


AT ITs November meeting, the M.I.T. Alumni Council 
heard B. Alden Thresher, ’20, discuss efforts of college 
admissions officers to promote the best possible use of 
human resources, and Francis Bitter, Professor of Geo- 
physics, describe the powerful, new magnets to be con- 
structed under his direction. James F. Hoey, Jr., °43, 
read a tribute to the late Robert W. Anderson, ’43; and 
F. Leroy Foster, ’25, reported that 6,278 individuals had 
contributed $196,400 to the Aiumni Fund to date. 
Clarence L. A. Wynd, ’27, President of the Association, 
presided. 
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How We See Our Cities 


A study of mental images of Boston, Los Angeles, and Jersey City 


suggests that our cities could be “a pleasure to live in and look at 


By KEVIN LYNCH 





” 


In Los Angeles on Seventh Street an old, two-story gray wooden building is anthropomorphized as “the little gray lady.” 


[' IS COMMON opinion that the city is an ugly, un- 
comfortable place, something to be endured in res- 
ignation. Opinion goes on to say that, since it is hope- 
less to try to beautify anything as big, confused, and 
expensive as a city, it is uncommonly lucky that most 
people don’t pay much attention to what they see 
around them anyway. 

It is difficult to deny that our cities are ugly and 
confused, but common sense is probably mistaken on 
the other two counts: most people are attentive to what 
they see in the streets and are much affected by it. 
Moreover, it is possible to give harmonious form even 
to something as large as a metropolitan region, al- 
though it will require resources, skill, and determina- 
tion that we have until now failed to apply. 

We are making comprehensive plans for city and 
metropolitan areas with important objectives of im- 
proving health, safety, economy, social cohesion, or 
traffic flow. Rarely are those plans directed to improve 
the look of our cities, or indeed to deal with any of 


JANUARY, 1961 


KEVIN A. LYNCH, °47, Associaie Professor of City 
Planning at M.1.T., was co-director with Gyorgy 
Kepes of a study of the perceptual form of the city, and 
is the author of THE IMAGE OF THE City (The Tech- 
nology Press and Harvard University Press, $5.50). 
He is a former student of Frank Lloyd Wright and has 
had wide practical experience on urban projects. 





those features which add pleasure to city life, the ele- 
ments which have always distinguished the great cities 
of the world from their moye humdrum neighbors. The 
American city planner was badly hurt in the collapse 
of the “City Beautiful” movement over a generation 
ago, and not until recently has he dared to go beyond 
“practical realities.” 

The psychological and aesthetic impact of a city is 
just as important, for human beings, as its effect on 
traffic, on productive efficiency, or physical health. The 
subjective response to city arrangement should be an 
important consideration in the preparation of city 
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plans. To this end, we have been engaged in some 
studies of the direct effect of the city on the citizen 
through his senses. A part of this work is reported 
in a recent book (The Image of the City) which deals 
with the mental picture that people have of the physi- 
cal city they live in, and how that picture is put to- 
gether. 

Urban America has been delineated, often in acid 
lines, by many artists. Its features are also reflected 
in the words of a woman from Jersey City whom we 
interviewed: “This is really one of the most pitiful 
things about Jersey City. There isn’t anything that if 
someone came here from a far place, that I could say, 
‘Oh, I want you to see this, this is so beautiful.’ Or 
in the comment of a more recent arrival to Los Ange- 
les: “It’s as if you were going somewhere for a long 
time, and when you got there you discovered there was 
nothing there, after all.” 

We were interested to see what kind of an image of 
their home city people carried in their heads, and how, 
if at all, it was affected by the actual physical shape 
of the city itself. For people perceive a large-scale en- 
vironment only through a remembered mental image, 
and the quality of that mental image is the ultimate 
source of their pleasure in their surroundings, or of 
their disgust. Whether that picture is clear or confused, 
meaningful or blank, intimate or alien, stimulating 
or dull, is what determines whether one’s city is great 
or mean. 

Beyond conducting another opinion poll, we were 
interested to learn how physical changes affected the 
mental image, and to verify and develop our own in- 


* 


Boston’s Louisburg Square is vividly remembered. 
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tuitions about the design of cities. In particular, we) 
believed that one important ingredient of a handsome 
city was that it be “legible,” or “imageable,” i.e., that 
it be easy for a resident to put together a clear and 
vivid mental picture of his town. If this were true, we 
wanted to learn how the trick was done. We suspected 


that such clarity would do more than simply help oneq 


to find one’s way easily: that it would prove to be a 
fundamental source of security and pleasure. 

A number of tests were made of the central areas off 
three American cities: Boston, Los Angeles, and Jer- 
sey City. A careful analysis was made in the field, pick- 
ing out the visual strongpoints, and how they linked 
together or failed to do so. Old residents were inters 
viewed at length about their picture of the city: they) 
were asked to characterize it, draw maps of it, or tell 


us how to get from one place to another. People were; 


stopped on the street for quick descriptions and direc 
tions, others were taken for long walks, 
identify photographs. 


When we compared these various views of the city, 


we found remarkable similarities—there seemed ine 
deed to be a sort of “public image” 
concluded that we were able to predict most of the 
public image from our original analysis of the look off 
that city. We found that people used rather stand= 
ard ways of putting their mental picture together, im-j 
agining their city to be a mosaic of distinct districts, or 
a network of pathways, or a constellation of focal 
points and landmarks. We were able to say something 
about how a planner should lay out a city if he wants 
the residents to hold a clear mental image of it. 
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This Boston corner is the center of the city’s center. 
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Some Work 
By I. M. Pei 
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THE M.I1.T. Earth Sciences building pictured on the next 
page, Time magazine recently forecast, will “act like a 
flagpole in a public square, drawing the surrounding 
laboratories and dormitories into an organized composi- 
tion.” 

Other examples of the work of its architect, I. M. 
Pei, ’40, are pictured on this page: Above is a Denver 
department store, at the right is a model of the Wash- 
ington Square East Redevelopment Area on Society 
Hill, Philadelphia, and below is a bank drive-in center 
in Nassau County, on Long Island. 
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Photos by Warren Reynolds, George Cserna, and Ezra 
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Institute Yesteryears 











25 Years Ago... 


IN THE REview for January, 1936, Augustus B. Kinzel, 
‘21, recalled that: “In 1914 two events occurred which 
gave to alloy steels a remarkable impetus. One was the 
outbreak of the World War; the second, the commercial 
production of stainless steel. Today, 22 years after these 
epochal events,” he wrote, “I venture to envisage the 
position of alloy steels in 1944, 30 years from their 
coming of age, from the viewpoint of logical engineer- 
ing applications and economic advantages. . . . 

“The improved steels have been accepted readily by 
the public. Their advantages are well understood, al- 
though occasionally the materials are misapplied with 
disastrous results. As knowledge regarding the proper 
use of these steels increases, such misapplication should 
become a rarity, and as we gain in experience, the true 
field of these steels in the chemical industry, transpor- 
tation, and architecture will be more clearly delineated. 

“With all of the excellent characteristics, corrosion 

resistance being the foremost, and with freedom from 
some of the troubles which have limited progress in 
the past, the only remaining deterrent to the wide con- 
sumption of stainless steel lies in the final cost. . 
It has been stated recently that a yield of 50 per cent 
from ingot to sheet or other final product is the rule, 
rather than exception, in the production of stainless 
steel. With better melting practice, improvement in 
heating and rolling equipment, and increase in special- 
ization in the production of these steels, we cannot help 
materially increasing this yield [and hence accomplish- 
ing] an appreciable reduction in the cost of the finished 
stainless-steel product within the decade. . . 

“We have with us at the moment a rapid develop- 
ment in as-rolled structural alloy steels, a relatively 
stable situation in the alloy engineering and automo- 
tive steels, and a situation ripe for new development 
and expansion in stainless steel. This would tend to lend 
some justification to the highly speculative prophecies 
for enormous tonnages of alloy steels in the not too 
distant future. 

“Let us content ourselves, however, with the simple 
prediction that alloy steels in the decade will become a 
major item even in the large-tonnage steelmaker’s port- 
folio, and that, together with carbon steels, they will in- 
crease the total steel consumption and effectively com- 
bat the ever-present attempted inroads of nonmetallic 
and nonferrous products.” 


@. Kudos evidenced by medals came to four Alumni, 
namely, to Charles R. Richards, ’85, the Michael 
Friedsam of the Architectural League of New York 
. . . to George E. Hale, ’90, the Frederic Ives of the 
Optical Society of America . . . to Warren K. Lewis, 
‘05, the Perkin of the American Section, Society of 
Chemical Industry . . . and to Edward C. Wente, ’14, 
the Progress Medal of the Society of Motion Picture 
Engineers. 
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50 Years Ago... 


IN JANUARY, 1911, Arthur Amos Noyes, °86, took of. 
fice as the 18th President of the Alumni Association, 
with Frederick K. Copeland, ’76, as Vice-president, 
Walter Humphreys, ’97, was re-elected for a fifth term 
as Secretary-Treasurer, in which portfolio he served 
the Association from 1907 to 1923. The Alumni Term 
Members nominated for the Corporation were: Arthur 
Winslow, °81; Henry Howard, °89; and Henry A. 
Morss, °93.* 


@ The 36th Annual Banquet of the Alumni Asso- 
ciation, held at the Hotel Somerset on January 4, was, 
as The Review reported, “full of genuine enthusiasm 
and was one of the most profitable meetings that the 
Association has had for many years. There were about 
400 present and although the program was long, nearly 
every man remained until shortly before midnight when 
the last speaker had finished. A. Farwell Bemis, ’93, 
the retiring President, proved himself to be a most re- 
sourceful toastmaster, and his unexpected sallies liy- 
ened up the program which was, in its general nature, 
a serious one.” 


@ It was announced that: “The tremendous increase 
of alumni interest all over the country has made it 
necessary for the Alumni Association to establish closer 
relations with its members, and it has therefore been 
decided to issue The Technology Review monthly, be- 
ginning January first [1911], excepting during the 
months of August, September, and October. The Octo- 
ber number is omitted because it would contain little 
fresh Technology news, as the Institute does not open 
until that month. . . . The minimum number of copies 
printed during 1911 will be 4,200. . . . Although the 
publication of the monthly largely increases the ex- 
penses of the Association, it is believed that the enter- 
prise will greatly add to the esprit de corps and will 
win stronger support from former students.” ** 


62 Years Ago... 


IN JANUARY, 1899, there was published Volume |, 
Number |, of The Technology Review. 


75 Years Ago... 


“THE ELEVENTH Annual Meeting and Dinner of the 
Alumni Association was held at Young’s Hotel on Sat- 
urday, January 2, 1886, about 50 members being pres- 
ent. The report of the Secretary and Treasurer was 

(Concluded on page 48) 


* Mr. Morss was elected a Life Member of the Corporation, in 
1919; he served as the 25th President of the Alumni Association 
during 1918-1919. 


** The monthly schedule was continued until 1918; from then 
until 1922 the magazine was issued quarterly. Since 1922, The 
Review has appeared monthly during the academic year. 


THE INSTITUTE’S GROWTH can be traced in the col 
umns of figures on the next page, covering registration, the 
instructing staff, and degrees awarded. Also listed are lead- 
ing states and: countries from which students have come. 
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Total Registration 
Freshmen 

Other | ndergraduates 
otal Undergraduates 


Graduate Students 


States Represented 
Massachusetts 

Other New England 
Total New England 


Foreign Countries Represented 


Foreign Students 


Total Instructing Staff 
Faculty Members 
Students per Staff Member 


Students per Faculty Member 


Total Degrees Awarded 
Bachelor’s 

Master’s 

Advanced Engineering 


Doctor's 


Leading States Outside 
of New England 


Leading Foreign Countries 


JANUARY, 1961 








One Year Ago 
1959-1960 


No. % 
6,270 100 
936 14.9 
2,644 42.2 
3,580 57.1 
2,690 42.9 
49 
1,565 25.0 
303 4.8 
1,868 29.8 
70 
739 11.8 
2,010 100 
653 32.5 
3.1 
9.6 
1,824 100 
844 46.3 (a) 
698 38.2 (b) 
83 4.6 
199 10.9 (c) 


a. First S.B. in Aeronautics & 
b. First S.M. in Aeronautics £ 


Cc. 


J. Berenson, "56. 





25 Years Ago 
1935-1936 


No. . 


2,540 100 
561 22.1 
1,457 57.3 
2018 79.4 
522 20.6 
45 
1,088 42.8 
181 7.1 
1,269 49.9 
33 
139 $5 
529 100 
245 46.3 
4.8 
10.4 
639 100 
428 67.0 
157 24.6 (d) 
54 | 8.4 





50 Years Ago 
1910-1911 


No. Q 
1,506 100 
365 24.2 


1,105 73.4 
1,470 97.6 


36 2.4 
42 
840 55.7 
117 7.8 
957 63.5 
9 
102 6.7 
246 «100 
91 37.0 
6.1 
16.6 
254 100 
232 91.3 
20 7.9 
2 0.8 (e) 


istronautlics, to Rodolfo S. Agullé, '60. 
Astronautics, to John J. Blaszak, 58. 
First Ph.D. in Ceramics, to Jonathan D. Klein, '60; first Ph.D. in Mechanical Engineering, to Paul 





75 Years Ago 
1885-1886 
No. y” 
609 100 
187 30.7 
422 69.3 
609 100.0 
34 
387 63.5 
78 12.8 
465 76.3 
5 
11 1.8 
62 100 
27 43.5 
9.8 
22.6 
60 «6100 
59 98.3 
1 1.7 (f 





d. First S.M. in Ceramics, to Richard O. Lane, '36; first S.M. in Petroleum Engineering, to Eldon N. 
Dunlap, '36; and first Master in City Planning, to J. Ross McKeever, ‘36. 


e. 


ing, to Reginald L. Jones, ‘09. 
f. First advanced degree given by M.1.T.; S.M. in Chemistry, to Frederick Fox, Jr., 85. 


No. State 


938 New York 
348 | New Jersey 


314 | Pennsylvania 


250 | Illinois 
202 | California 
172 | Ohio 
128 | Michigan 
124 Florida 
95 | Texas 
No. Country 
106 | Canada 


63 | India 


1 | China (Taiwan) 


w 


31 | France 
31 | Israel 
31 | Korea 
25 Colombia _ 


4 | Brazil 


tN 





No. State 
361 | New York 
143. New Jersey 
104 | Pennsylvania 


76 | Illinois 
58 Ohio 
39 | Missouri 
38 | California 
23 Colorado 
20 | Maryland 
18 | Michigan 
16 | Texas 
No. Country 
35 | China 
29 | Canada 
12 | Cuba 
8 | United Kingdom 
6 | India 
5 | Japan 
4 | Mexico 
4 Union of Sout h 
Africa 





No. 
106 


. State 

New York 
37. | Pennsylvania 
33 | Illinois 
33 Ohio 
21 | California 


18 New Jersey 


No. Country 
27 | China 
18 | Canada 
9 Mexico 
5 | Argentina 


5 | Cuba 





First Ph.D. in Biology, to Eugene C. Howe, '08; and first Sc.D. given by M.I.T., in Electrical Engineer- 


No. State 
20 | Illinois 
18 Ohio 


17. New York 

15 Pennsylvania 
6 lowa 

5 | California 

5 Kentucky 

5 Minnesota 

5 | New Jersey 


5 Virginia 


No. Country 
6 Canada 
2 | United Kingdom 
1 | Chile 
1 | Cuba 


1 | Japan 
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Walloping the Atmosphere 





Trailblazer I has six stages. Three carry it up to an altitude 
of more than 150 miles. Three others speed it back. 
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HE SONIC BOOM created by a jet plane going hun- 

dreds of miles an hour is trivial—a mere ripple— 
compared to what happens when a vehicle that is going 
thousands of miles an hour wallops the atmosphere. A 
missile or space probe approaching the earth’s surface 
with hypervelocity makes the air as hot as the sun and 
turns it into a plasma, the so-called “fourth state of 
matter.”* 

The drastic changes affect all known communica- 
tion, detection and tracking techniques. M.I.T.’s Lin 
coln Laboratory, consequently, is studying the phenom- 
ena associated with re-entry into the atmosphere in or- 
der to: 

@ Assist in the solution of problems related to the na 
tion’s defense against ballistic missiles, and 

@. Help evolve better techniques for locating and com- 
municating with homeward-bound spacecraft 

The physics of re-entry can be studied in three ways: 
in theory, in the laboratory, and in the field. All three 
approaches have been taken. The field work, of course, 
is the most spectacular. This is being done now in co 
operation with the National Aeronautics and Space Ad- 
ministration (NASA) at its Wallops Station, on Wal- 
lops Island, Va. 

There, a six-stage rocket called Trailblazer I is used. 
It is a slender, 55-foot-long vehicle that is sent upward 
by three of its six stages and accelerated downward by 
the other three. The pay load is the sixth and final stage 
of the rocket itself, a sphere only five inches in diam- 
eter. 

* See “Plasma Research: A Case History,” by William P. Allis 
(Technology Review, Nov. 1960, p. 27). 





THE TECHNOLOGY REVIEW 





v 
u 
2 
Cc 
« 





W 


Wi 


fre 
liz 


ra 
let 


tec 


th 
tre 


al 
sig 
th 





g hun- 
pple— 
S going 
ere, A 
surface 
un and 
tate of 


1unica- 
's Lin- 
1enom- 

in or- 


he na- 
1 com- 


ways: 
| three 
-OUTSE, 
in CO- 
se Ad- 
. Wal- 


; used. 
pward 
urd by 
| stage 
diam- 


>. Allis 


E VIEW 





y 4TH IGNITES 


s 
| 4TH BURNOUT 
| 5TH BURNOUT 
~~ 

6TH BURNOUT 

” 

W 

2 

= 

° 

® 


‘ 
\ ~ 
/[ ‘ 3RD BURNOUT 


ef 
V2ND BURNOUT -_.: 










[Bist BuRNOUT mesa 
Arbuckle Neck (Va.) Field Station radars track vehicles 
that follow course shown above. Antenna at far left on 
preceding page serves a combined UHF and X-band radar, 


while the one at right is an S-band tracking system. 


Lincoln Laboratory probes re-entry phenomena 
with a powerful array of radars and cameras 
when six-stage rocket vehicles are launched 


The first three stages hoist the “velocity package” 
from 150 to 200 miles rather deliberately. Spin-stabi- 
lized like a rifle bullet, this arrow then is aimed back 
toward the launching pad and an impressive array of 
radar and optical apparatus. The fourth and fifth stages 
let go only seconds apart. The spherical sixth stage 
then gives itself a final push. In its wake, as it hurtles 
down with more velocity than a bullet, it leaves a fiery 
trail of electrified gas. Radars and cameras probe and 
test the strength of this trail’s radiation and reflectivity. 

Including three development shots, seven Trailblaz- 
ers now have been sent aloft. NASA’s predecessor, the 
NACA, started the development of this vehicle, and it 
is being continued with Lincoln Laboratory’s help. A 
second generation vehicle, Trailblazer II, will boomer- 
ang its pay load similarly, but will carry a large re- 
entry package and have only four stages (two to fire 
it up and two to accelerate it down). This rocket will be 
available in a few months. Soon, too, more powerful 
radar and sensitive optical equipment will be in opera- 
tion at Lincoln’s Arbuckle Neck, Va., field station ad- 
jacent to Wallops Island. 

Glen F. Pippert of Lincoln Laboratory presented a 
technical paper entitled “The Measurement of the Phe- 
nomena Associated with Hypervelocity Re-entry into 
the Atmosphere” in November at the Northeast Elec- 
tronics Research and Engineering meeting in Boston. 

The amount of optical and infrared radiation during 
a flying object’s re-entry and the variations in the radar 
signals reflected at three different frequencies are among 
the measurements which are being made. Tracking ra- 

(Concluded on page 52) 


JANUARY, 1961 





This is a Trailblazer I ascending from NASA launching pads 
at Wallops Island, Va., for field study of re-entry physics. 
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M.I.T.’s New Agents 
Of Change in Africa 


THE FIRST MEN chosen as Fellows in 
the M.I.T. School of Industrial Man- 
agement’s new African program were 
the eight members of the Class of 1960 
shown above: (Left to right, in rear) 
Charles H. Olmstead, Henry B. 
Thomas, David N. G. Carter, Donald 
H. Shaw, and (in front) John S. Glass, 
William P. Mott, 3d, William L. 
Hooper, and Frederick E. Mangels- 
dorf. All have master’s degrees. Coun- 
tries welcoming their services include 
Uganda, Tanganyika, and Nigeria. 
These men and their wives must ad- 
just themselves to a very different en- 
vironment from that in which they 
grew up. The wives pictured at the 
right are (from left) Mrs. Mangelsdorf, 
of Chappaqua, N.Y.; Mrs. Shaw, of 
Arlington, Mass.; Mrs. Mott, of Orin- 
do, Calif.; and Mrs. Hooper, of Bel- 
mont, Mass. (Mrs. Mangelsdorf and 
Mrs. Shaw have studied Swahili.) 
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What Will Help the Ajax Company? 


sy CARROLL L. WILSON 


HE PRESIDENTS of large or rapidly growing com- 
Tain, with many variables to reconcile, often 
think their jobs are difficult. But their tasks seem sim- 
ple when compared to those of the leaders of newly in- 
dependent political entities such as we see in Africa. 

In the colonial administrations which preceded the 
establishment of these nations, authority flowed from 
above rather than from a consensus of those governed. 
This was true no matter how enlightened a coldnial ad- 
ministration was in terms of developing institutions of 
self-government. Independence brought a “change of 
state” because this authority from above disappeared. 
Hence, the leaders of these new states must develop 
instruments of power in a new kind of framework. Even 
a political party is a relatively new thing in Africa. 

One of the bewildering aspects of the situation in the 
Congo—both to an outsider and to those attempting to 
exercise authority—is that the leaders lack the usual 
instruments of power, because they have neither a well- 
established political party behind them nor firm control 
of the army and police. Moreover, the United Nations 
forces sent there to keep “law and order” have denied 
these leaders the usual courses of action which lead to 
the establishment of one person or another in authority 
—such as armed conflict to determine the victor. 

In judging the performance of leaders in newly inde- 
pendent nations, we should try to understand the kind 
of problems that confront them and the difficult choices 
they must make. Because few of us have been political 
leaders but many of us have had executive responsibil- 
ity in business, I am going to describe some of the 
problems of these new nations in industrial terms. A 
business case, that of the Ajax Company, may help us 
as an analogue: 


‘The Ajax Management 


Ajax was formerly a wholly owned subsidiary of the 
Hercules Company, a large, diversified company oper- 
ating on a world-wide scale. During the many years 
that Ajax was part of the Hercules Company, the Her- 
cules head office set all major policy and the men in 
managerial positions in Ajax nearly all came from 
other Hercules operations. 

For eight or 10 years increasingly serious labor trou- 
bles plagued Ajax. About five years ago the Hercules 
management decided to dispose of a major part of its 
interest in Ajax. Two years ago Hercules transferred 
practically all of its interest to the present owners, re- 
taining only a minority interest in Ajax. 

The president and three of the vice-presidents of Ajax 
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Africa’s troubles can be compared to those of a 


business firm . M.1.T. men are there to aid 


CARROLL L. WILSON, °32, 
is now professor of indus- 
trial management (visit- 
ing). Formerly — general 
manager of the Atomic 
Energy Commission, he 
has had extensive experi- 
ence with both government 
and industry. He has used 
the case of the Ajax Com- 
pany in seminars and in a 
talk for the Alumni Coun- 
cil to show the complexities 
of African problems. 
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were leaders of the Ajax union during the period of 
severe labor troubles. They became the top manage- 
ment of the company when Hercules disposed of its in- 
terest. These officers have had extensive experience as 
labor organizers and leaders but only brief experience 
as managers. There has been no union since Ajax 
became independent, because the employees now own 
a controlling interest in the company. Each employee 
has one vote in meetings for the election of representa- 
tives and officers. According to the bylaws, the employ- 
ees vote for 30 department heads who constitute a 
council which is the real governing body of the com- 
pany. A majority of these department heads, or a coali- 
tion if there is no majority, names the president. 

If a majority of the department heads meeting in 
council withholds approval of a management proposal, 
the council is dissolved. Each department head, includ- 
ing the officers, then seeks re-election. After the elec- 
tions the new council names a president, who in turn 
selects vice-presidents. 

Dissenting department heads have access to the com- 
pany bulletin boards and public address systems as well 
as to the company house organ to express their criticism 
of the management. 


The Business Outlook 


Fifty per cent of Ajax’s sales are of product A, a basic 
staple sold in world-wide markets. Labor and material 
costs are a high percentage of its sales value (relatively 
little value is added by manufacture) and the price of 
product A fluctuates widely; it had ranged from 280 to 
130 during the last two years. 

Thirty per cent of the sales are product B, another 
basic staple, the market for which is declining because 
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of competition from a competitive synthetic. Product B 
is produced by a number of regional units in which 
manufacturing methods have not changed much for 
many years. 

One proposed new product, C, could be sold in a 
growing market with a stable price outlook, but setting 
up to manufacture this product would require a large 
capital investment. Most of this capital would have to 
be raised from outside sources. 

The 30 departments’ employees speak six principal 
languages and 40 subsidiary languages. Only depart- 
ment heads, superintendents, and a few foremen speak 
a common language. Most of the employees are illiter- 
ate. The personnel of the 30 departments is also divided 
among three main religious groups which have different 
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holidays and customs and rather intense antipathies 
toward each other. 

The employees anticipate periodic wage increases to 
fulfill promises that they would benefit greatly from 
Ajax’s independence from Hercules. The president has 
kept the Ajax employees well informed about the com- 
pany’s problems and its progress. At his request a year 
ago the employees accepted postponement of a wage 
increase so that the company might strengthen its finan- 
cial position in the hope of attracting the capital needed 
to produce the new product C. A major problem of the 
Ajax management is to increase productivity, so that 
Ajax products will not be priced out of the world mar- 
kets in which they are sold. 

The industry’s condition is one of great fluidity. 
There is a great deal of maneuvering for mergers, acquisi- 
tions, and combinations of various kinds. There are no 
antitrust laws or other legal restraints. 

There is an industry association which meets as a 
whole for several months each year and in committees 
during much of the year. The industry association’s 
headquarters are in a city remote from Ajax’s headquar- 
ters, and the president or the vice-presidents in charge 
of sales and finance must spend much of their time on 
affairs of the industry association. 


The Immediate Situation 


Prices of product A have fallen below the break-even 
point, necessitating lay-offs in 10 departments and re- 
sulting in acute distress among employees. Two dis- 
sident department heads are going to bring before the 
council a proposal to raise wages and fringe benefits. If 
it is adopted over the objections of management, the 
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management will fall. Such an increase will tend to 
price the Ajax products out of their markets. 

A number of consultants have been retained in the 
past two years, and one has just prematurely published 
findings critical of the management. This is the second 
or third time that consultants have provided ammuni- 
tion for dissident department heads to use against the 
management. 

Two giant companies, Prometheus and Aeolus, both 
of which are larger than Hercules, are making numerous 
offers to help Ajax by offering training programs, set- 
ting up new departments, advising on production and 
sales, or lending money at low rates. Prometheus is a 
tight-line organization with an impressive record of 
growth, but it has taken over companies it has offered to 
help in the past. Prometheus does an excellent planning 
and programming job and can cite excellent ratios of 
overhead costs to direct costs. Aeolus is a very loosely 
organized company with consultative management, 
many committees, and poor planning. It is a rich firm 
that has helped others without absorbing them. But 
Aeolus always urges companies which it helps to adopt 
exactly the same organization and management pro- 
grams which it uses. 

Aeolus has numerous informal groups within it which 
are so loosely connected with the company that they 
are able to make arrangements without any reference to 
the management of Aeolus. They can be hired as con- 
sultants and to perform services. Ajax can accept or 
reject their advice without getting into difficulties with 
Aeolus as a company. 


Stability Brings Credit 


As is customary in presenting a business case, we do 
not provide the answers. It is clear, however, that the 
instability of management, growing out of the strange 
and difficult features of the bylaws, makes it virtually 
impossible for any management to take the kind of ac- 
tions that are needed, including those which are un- 
popular, and still have sufficient opportunity to carry 
out a wise program. 

In a like fashion, the leaders of new nations, looking 
at the parliamentary institutions which they borrowed 
from the colonial powers, find numerous limitations in 
them. Hence, they often move to amend the bylaws to 
provide greater continuity and stability for their re- 
gimes. One such action leads to another to make the 
power of those on top more secure. 

Justifications for such steps, which seem to outsiders 
to have the earmarks of emergent dictatorship, are 
found in many directions. All the African nations, for 
example, need capital from the outside for economic 
development programs. But countries which have weak 
and changing governments do not attract outside in- 
vestors whether they are private firms or such institu- 
tions as the World Bank. Nations with strong and secure 
governments are generally better credit risks. 

In the case of the Ajax Company the president could 
very well conclude that, in order to raise the capital for 
the plant needed to produce product C, he must con- 
vince the lender that his government is both prepared 
and able to balance its budget, honor its commitments, 
and fulfill the repayment provisions. This would re- 
quire the strength to take unpopular actions such as 
resisting the proposed wage increase. Such a program 
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would obviously lead, if successful, to much greater 
prosperity and security for the employees of Ajax, but 
the immediate sacrifices required from them might be 
substantial. 

Another problem which confronts the president of 
Ajax is where to turn for help. With Prometheus (as 
with the U.S.S.R.), all deals with it must be official, 
and made through the front office. But Aeolus (which 
resembles the United States) has unofficial groups— 
private institutions of all sorts—with which the presi- 
dent of Ajax can make deals quite independently of 
the official organization. 


An American Advantage 


An African nation can make or terminate arrangements 
freely with private institutions, whereas official aid 
through official channels is hard to cancel without giv- 
ing offense. Herein lies a very important advantage for 
the United States. It is not only an advantage in meet- 
ing the variety of needs of these new nations but also 
a competitive advantage vis-a-vis the U.S.S.R. 

Our private financial institutions, business organiza- 
tions, and especially our educational institutions oper- 
ating with the support of great foundations, permit us to 
meet various needs of these new nations in a variety of 
ways and do so quite unofficially. We can, if we wish, 
move expeditiously and imaginatively in exploiting 
these opportunities. 

Last October, for example, a plan to send M.LT. 
Fellows to Africa was announced. After receiving mas- 
ter’s degrees in the School of Industrial Management, 
eight young men embarked upon two-year tours of duty 
as employees of institutions in three African countries. 
The institutions employing them are engaged in various 
economic development activities. This idea originated 





An apartment house in Dar es Salaam, Tanganyika, Africa. 
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in a class which I conduct- en 
ed the first term of last 
year and took shape about 
the middle of January. The 
opportunity arose from my 
observations in Africa in 
the summer of 1959. It 
seemed to me then that one 
of the great needs in Africa 
was for people with tech- 
nical and business training. 
The new African organiza- 
tions had plenty of advis- 
ers, consultants, and em- 
ployees of other govern- 
ments available to advise and assist. But they needed 
employees of their own to formulate new projects, 
prepare applications for assistance, and review and 
allocate resources. With a growing amount of aid likely 
to be forthcoming, the bottleneck might prove to be 
the scarcity of people, within the local governments 
and related institutions, able to select and prepare the 
cases and process them. 

Men receiving their master’s degrees in Industrial 
Management at M.I.T., many of whom would have an 
undergraduate engineering education, seemed excep- 
tionally well qualified to serve as staff assistants in such 
organizations. The enthusiastic response of the class led 
to the steps which were taken. Financial support was 
assured by the Ford Foundation, and a trip to London 
and to several countries in Africa resulted in identify- 
ing and working out arrangements for positions for 
M.I.T. men in Uganda, Tanganyika, and Nigeria. 

Arrangements were completed by the middle of 
April, 1960. This speed was possible only because of 
the willingness of the employers in the African coun- 
tries to deal directly with a private American institu- 
tion, reserving in every case the right of termination on 
relatively short.notice if the arrangement did not work. 

The program is modest in scope but the men are lo- 
cated in quite strategic positions. The contributions they 
will be able to make will depend largely upon the vigor 
of the institutions by which they are employed and the 
extent to which their bosses find ways of using them. 
Much initiative is called for. The M.I.T. men must ad- 
just themselves to living and working in a very different 
culture from that in which they grew up. As “agents of 
change,” moreover, they will be active participants in 
a process that is poorly understood. The program will be 
reviewed in Africa early this year to determine how it is 
going and the directions in which it might be extended. 

The number of Americans who can be absorbed in 
such a program will be very small in relation to the 
needs. It is essential, therefore, that all who go be the 
best that we produce. 

These parts of the world have seen missionaries, oc- 
casional mining engineers, and government officials, 
but young Americans such as the M.I.T. Fellows are a 
new phenomenon. Even a few such men, appropriately 
placed at a time of great fluidity and change, can have 
an important impact on the development of these na- 
tions and their relations and feelings towards this coun- 
try. The M.I.T. Fellows in Africa are conscious of the 
importance of their missions. Their performance will 
reflect credit both upon M.I.T. and the United States. 
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Four Economists Foresee 


An Industrialized World 


FOR SEVEN YEARS, Professor Charles A. Myers (at right) and several of 
his colleagues in the M.1.T. Industrial Relations Section have been par- 
ticipating in an Inter-University Study of Labor Problems in Economic 
Development, for which the Ford Foundation provided financial assist- 
ance. Several books have resulted from this study. One of them, INDUs- 
TRIALISM AND INDUSTRIAL MAN (Harvard University Press, $6), has been 
summarized as follows by Derickson Bennett of the Harvard News Office: 


OUR ECONOMISTS expect an 
F acceleration of  industrialism 
around the world that “in another 
100 years will have swept away 
most pre-industrial forms of soci- 
ety.” They predict that, in spite of 
different leadership in the indus- 
trialization process—by the middle 
class, nationalist leaders, colonial 
administrators, revolutionary intel- 
lectuals, or old families—there will 
be a general convergence of East 
and West on the road to industrial- 
ism. 

Signs of this convergence are al- 
ready evident, the authors say: a 
middle class bureaucracy is devel- 
oping in some nations of the East; 
central governments of some West- 
ern states are assuming more and 
more responsibilities. As this con- 
vergence continues, the authors 
foresee in most nations a powerful 
central state, a crucial role for the 
middle class (or in some areas, the 
middle bureaucracy), man _ gov- 
erned by a web of rules and united 
within interest groups to protect his 
rights, great conformity on the job, 
and a new freedom of leisure. 

How industrialism will affect 


mankind’s future is charted in /n- 
dustrialism and Industrial Man, by 
in labor economics: 


four leaders 










1 | - 
x ———a| 





Clark Kerr, President of the Uni- 
versity of California; John T. Dun- 
lop, Professor of Economics, Har- 
vard University; Frederick H. Har- 
bison, Professor of Economics, 
Princeton University; and Charles 
A. Myers, Professor of Industrial 
Relations, M.I.T. 

“To predict the future with any 
accuracy,” these writers say, “men 
must choose their future . . . The 
future they appear to be choosing 
and pressing for is pluralistic indus- 
trialism . .. where there is one 
locus of power, there will come to 
be several; where there are many, 
there will come to be fewer.” 


The Central Forces 


The authors cite three central forces 
that will mark the push toward in- 
dustrialism in this form: 

@ In the name of efficiency and 
initiative, some decentralization in 
the consumer goods and service 
trades industries is necessary, but 
there will be a large measure of 
central control by the state and 
responsibility for the conduct of 
many operations by large-scale or- 
ganizations. 

@ Skill level rises and jobs be- 
come more responsible . . . with 
this skill and responsibility go the 
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Drawing by Walter H. Lorraine for 
the School of Industrial Management 








need for consent, and with consent 
goes influence and authority. Occu- 
pational and professional groups 
achieve some prestige and authority 
as against both the central organs of 
society and the individual members 
of the occupation or profession. 

@._ Education brings in its wake a 
new economic equality and a con- 
sequent new equality of political out- 
look; the universal industrial mass. 
This helps bring consensus to soci- 
ety. Education brings a demand for 
liberty and can help create condi- 
tions in which it is safe to give it. 

These forces—complexity of in- 
dustrial society, higher skill levels, 
and universal education—foster a 
“new realism” that rejects both 
utopia and hopeless despair, the 
economists say. 

This new realism accepts indus- 
trialism as a complicated mecha- 
nism that must be kept going with- 
out major disruption. It calls for 
new relations between the mana- 
agers and the managed. The labor 
force accepts the web of rules and 
pace of work, and the managers 
push less hard. The sense of pro- 
test subsides; the conflict of ideolo- 
gies is blunted. 


Some Basic Rules 

While the courses which nations 
follow toward industrialism may 
vary, the authors foresee some bas- 
ic “rules” which will apply to all 
nations: 

“The State That Does Not Wither 
Away. The state will be powerful. 
It will, at the minimum, have the 
responsibility in an industrial soci- 
ety for the rate of growth of the 
economy, the over-all distribution 
of income, the basic security of in- 
dividuals, provision of essential 
public services ... All of these 

(Concluded on page 50) 
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Electrostatic 
Generators 


The prodigious feats of the first huge machines 
are exceeded by smaller accelerators now .. . in 
the world’s great nuclear research laboratories 


and many of its finest hospitals and universities 


BY J. J. ROWLANDS 


Editorial Associate of The Review 


URING a critical stage of World War I, Sir Ernest 

Rutherford was summoned to France for an emer- 
gency meeting on antisubmarine warfare. He begged a 
delay on the ground that he believed he was about to 
succeed in breaking the atonr apart. Such a discov- 
ery, he was quoted as saying, might well be more im- 
portant than the war itself. Although he failed in his 
original objective, he made a discovery of great impor- 
tance when he drove protons from the nuclei of nitro- 
gen, aluminum, and several other elements, and pro- 
duced chemical transmutations. 

Sir Ernest’s triumph launched an intensive search for 
methods of attacking the citadel of the atom—its tiny, 
positively charged nucleus. Armed with laboratory 
weapons of various kinds and with only fragmentary 
knowledge of their prey, scientific hunters ranged far 
and wide on the trail of the agile and elusive nuclei. 
The searchers’ only effective bullets were the energetic 
alpha particles spontaneously emitted by radioactive 
material. These alpha particles were few in number 
and lacked the speed and impact to penetrate the high- 
voltage cocoon enclosing the nuclei of the heavier 
atoms. 

A call for a new weapon came in Rutherford’s presi- 
dential address to the Royal Society in 1928 when he 
emphasized the urgent need for “a source of positive 
particles more energetic than those emitted from natural 
radioactive substances.” Such a siege gun of science 
would have to deliver an abundant, reliable stream of 
nuclear-sized projectiles with energies sufficient to shat- 
ter nuclei. For precise studies the particles would have 
to be homogeneous, uniform in energy, and producible 
in a parallel beam with a minimum of stray radiation. 
Furthermore, it would be important to accurately meas- 
ure and control over a broad range the voltage by 
which such particles were accelerated. 

Guides were few and most of the pioneers following 
the dim trails of particles, the nature of which they 
could only guess, hewed their own paths in the atomic 
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wilderness. Among them was Chadwick of Cambridge, 
who discovered the neutron. Bothe, working in Ger- 
many about the same time, also found the trail of the 
neutron but mistook it for a photon. Cockcroft and 
Walton, armed with the first nuclear particles acceler- 
ated by a laboratory-size machine, achieved and dem- 
onstrated the transmutation of lithium into helium in 
1932. Their projectiles were created by ionizing hydro- 
gen and applying high voltages for acceleration. By 
then, the pace of discovery was quickening. 


Van de Graaff and Compton 

Robert J. Van de Graaff of Tuscaloosa, Ala., was 
graduated from the University of Alabama in 1923. He 
was 22, had completed the requirements for a bachelor 
of science and a master’s degree in five years, and was 
still hungry. After a year of advanced study at the 
Sorbonne in France, he won a Rhodes scholarship and 
went on to Oxford University. Rutherford’s atomic calls 
to arms echoed through the cool stone halls of the Eng- 
lish universities and Van de Graaff’s interest became 
all-consuming. In 1926 he was awarded the bachelor 
of science degree, and in 1928 his doctorate in philoso- 
phy. After another year at Oxford as an International 
Education Fellow, he went to the Palmer Physics 
Laboratory at Princeton as a National Research Fel- 
low for two years. 

During this period Van de Graaff was in regular com- 
munication with Karl T. Compton, then chairman of 
the Department of Physics at Princeton and about to 
become president of M.I.T. Dr. Van de Graaff clearly 
had joined the atom hunters, and in Compton he found 
a close personal friend as well as a staunch scientific 
colleague. 

As early as 1930 Dr. Van de Graaff not only pre- 
dicted the type of transmutation later achieved by 
Cockcroft and Walton, but calculated that the trans- 
mutation would result in an energy release of 17,000,- 
000 electron volts, which subsequently proved to be 
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accurate. He was searching then for a source of high- 
voltage particles—the fast, hard-hitting projectiles that 
Rutherford had called for. 


Electrostatic Principles 


In 1799 Volta built the voltaic cell which, while useful, 
held no promise as a source of high voltages. Faraday 
discovered electromagnetic induction in 1831, and 
about the same time Joseph Henry discovered self- 
induction, marking the dawn of our present electrical 
age. At the beginning of the Twentieth Century, how- 
ever, static electricity had become a subject of little 
more than historic interest to be revived from time to 
time as a parlor trick. 

Concluding that the extremely high voltages re- 
quired for atomic research could not be produced by 
batteries or electromagnetic methods, Van de Graaff’s 
thinking turned back to the electrostatic principles— 
and the experiments of Thales of Miletus, who in 600 
B.C. found that a bit of amber vigorously rubbed against 
other substances would attract feathers and other light 
materials. 

Otto von Guericke, in 1663, devised an electrical 
machine made of globes of sulphur which rotated 
about an axis. Rubbing these globes separated electri- 
cal charges and produced a high voltage. Isaac Newton 
afterwards used a glass globe instead of sulphur. Rams- 
den, in 1768, constructed an electrical generating ma- 
chine with a plate-glass disc rotating between two 
leather pads. Friction caused the glass to become posi- 
tively charged while the pads were negatively charged; 
the charges were taken off and conducted to insulated 
terminals when the glass rotated between combs with 
very fine points. 








Robert J. Van de Graaff (left) with President Karl Compton. 
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Lord Armstrong of Newcastle accidentally discoy- 
ered another source of static electricity in 1841 when a 
jet of steam from 4a leaking boiler struck a piece of 
metal, giving him an electric shock. Lord Armstrong 
later built a steam electrostatic generator. Belli, Varley, 
Toepler, and Heriz also produced generating devices, 
and in 1872 Lord Kelvin built his Replenisher, a de- 
vice with a rotating arm making contact with elec- 
trodes. Then, about 1878, came the Wimshurst ma- 
chine, an instrument with glass discs rotating in oppo- 
site directions, which was long used in schoolrooms to 
demonstrate electrostatic principles. 

The First Model 

In static electricity Dr. Van de Graaff saw the promise 
of constant high voltage which he could not find in 
either the battery or electromagnetic generation. His 
first generator was based on the theory of Lord Kelvin’s 
device, in which drops of water carrying small electrical 
charges fell into cups, where the charges accumulated 
as the drops continued to fall. But, instead of water, 
Van de Graaff used moving silk belts, carrying charges 
vertically, to be stored on a spherical metal terminal 
supported by an insulating column. 

Dr. Van de Graaff built his first model of a direct- 
current electrostatic generator in the summer of 1929. 
The charges were sprayed on the belt at the base of the 
generator. The belt carried them upward and into the 
sphere where they were removed. This generator, made 
from tin cans and a silk ribbon, developed 80,000 
volts. 

A more elaborate model with terminal spheres two 
feet in diameter, standing on pyrex columns six feet 
high, was completed a few months later. Two such gen- 





The Round Hill generator was set up in a dirigible hangar. 
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erators, One running positive and the other negative, 
developed over a million volts between their terminals. 

[his machine was first demonstrated in public on 
November 10, 1931, at a dinner of the newly organized 
American Institute of Physics in New York. There Karl 
Compton hailed Dr. Van de Graaff’s machine as “the 
most important development that has ever taken place 
in the field of extremely high voltages.” He saw the 
new generator as a siege gun for a major attack on the 
nuclei of atoms, and also forecast that the extremely 
high-voltage direct currents producing highly penetrat- 
ing x-radiation would be of significant value in the 
treatment of deep-seated malignant disease. 

The Round Hill Machine 

The next step was construction of a huge Van de Graafl 
machine at Round Hill, the estate of the late Colonel 
E. H. R. Green, at South Dartmouth, near New Bed- 
ford, Mass. A building of extraordinary size was re- 
quired, and Colonel Green made a dirigible hangar 
available to enclose two huge generators. The terminal 
aluminum spheres 15 feet in diameter were on cylin- 
drical textolite columns 24 feet high, and the two gen- 
erator units were mounted on rails 14 feet apart so that 
the distance between the terminals could be adjusted. 
Charges were deposited on the spheres by three paper 
belts, each three feet wide, running at a speed of almost 
a mile a minute. 

The Round Hill generator developed more than 
5,000,000 volts between its terminals, and Dr. Compton 
called attention to the machine’s value by contrasting its 
output with that of radioactive sources. 

The press was taken to Round Hill to see this giant 
on November 28, 1933. To show the high-voltage dis- 
charges, the machine was operated until the break- 
down of open-air insulation produced spectacular dis- 
charges to the roof and walls of the building. These 
discharges, 15 to 20 feet long, Dr. Van de Graaff ex- 
plained, would not occur under normal operating condi- 
tions, but they produced startling photographs. 

One newspaperman, with a better background in 
physics than his colleagues, asked permission to be 
placed in one of the huge terminal spheres while the 
machine was in operation. His associates watched in 
awe as he disappeared through the manhole at the base 
of the sphere. He saw none of the spectacular dis- 
charges but had a different story to tell. 


Penetrating X-Rays 


The Round Hill machine was dismantled later and 
moved to Cambridge, where it was housed in some- 
what more compact quarters under a steel dome. It was 
used there for studies of the intricate structure of atomic 
nuclei for the next 20 years. 

Early in the second World War, Dr. Van de Graaff 
and his associates applied the generator to the produc- 
tion of penetrating x-rays for the examination of heavy 
castings and other essentials of the military effort. The 
ability of megavolt x-rays to produce radiographs show- 
ing the internal structure of thick metal pieces was so 
great that the Institute was asked to construct five 
2,000,000-volt x-ray machines, insulated in compressed 
air, for the Navy. 

The particular physical properties of the penetrating 
x-rays produced at 2,000,000 volts have given medi- 
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A versatile, 3,000,000-volt machine now weighs only 9 tons. 


cine a powerful and valuable instrument for the treat- 
ment of deep-seated malignant tumors. Precision con- 
trol of the voltage and the diameter of the beam with an 
absence of scattering has made it possible to focus the 
beam on malignant tissue with far less damage to the 
sensitive skin and intervening tissue than would be the 
case with conventional x-rays. 

Until the Van de Graaff generator was developed, 
the highest steady voltage ever produced was 800,000 
volts. The present generators capable of producing 
several million volts require evacuated tubes of special 
design to apply such high voltages to the acceleration 
of electrified particles. High evacuation is necessary to 
avoid energy-dissipating collisions with molecules of 
gas in their passage through the tube. The design of a 
tube of this type requires that the field along the insulat- 
ing walls of the tube be controlled and that the walls be 
sheltered from stray ions that might result in flashover 
or puncture. Such tubes, evacuated to the highest pos- 
sible degree, provide an environment in which charged 
particles of specific types can be accelerated to high 
energy and sent out of the tube in parallel paths in a 
beam of small diameter. 


Reductions in Size 


For the Huntington Memorial Hospital in Boston, Dr. 
Van de Graaff and John G. Trump, °33, built a ma- 
chine, operating at more than a million volts in atmos- 
pheric air, with which the first patient was treated early 
in 1937. This machine occupied a room only about 25 
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feet square, and produced the first megavolt x-rays for 
therapy in the New England area. 

Early in the development of the electrostatic genera- 
tor, however, it became apparent that both voltage and 
current, as well as power output, could be increased by 
placing the generator in an insulating medium better 
than air at atmospheric pressure. In a paper on high 
voltage in 1933, Dr. Compton noted that a generator 
operating in a tank of gas at 30 atmospheres of pres- 
sure should, in theory, produce 30 times the voltage, 30 
times the current, and 900 times the power that could 
be developed in open air. While Dr. Van de Graaff was 
working on his second generator, a colleague at Prince- 
ton, Henry A. Barton (who went on to a distinguished 
career with the American Physical Society), built a 
small generator to operate in compressed gas. 

This procedure has been a major factor in designing 
small and highly efficient Van de Graaff electrostatic 
generators. The second medical x-ray generator—far 
more compact than the Huntington Memorial machine, 
since it was insulated in compressed gas—was built for 
the Massachusetts General Hospital under a grant from 
the Godfrey M. Hyams Trust. This machine was only 
50 inches high, the terminal and tank diameters 24 and 
34 inches, respectively, and it operated with a single 
14-inch belt. It went into operation in April, 1940, at 
the George Robert White Building. Operating at 1,250,- 
000 volts, it was for a time the only megavolt x-ray 
source for therapy in New England. 

The next compressed-gas-insulated machine for ther- 
apy, operating at 1,750,000 volts, was built for the 
American Oncologic Hospital in Philadelphia. It was 
requisitioned by the U.S. Army for radiation damage 
studies as part of the bomb program at the University 
of Chicago. A replacement x-ray generator built for the 
Oncologic Hospital is still in use. This machine was the 
prototype of the 2,000,000-volt medical x-ray genera- 
tors which, with a number of refinements, now are in 
more than 40 hospitals throughout the world. 


World-Wide Usage 


It is estimated that more than 800 patients are 
treated daily with the radiation these machines provide. 
The Van de Graaffs produce penetrating electromag- 
netic radiation physically and biologically equivalent to 
the gamma rays of radium. The rays from a single ma- 
chine, however, have an output intensity twice that of 
the world’s supply of radium. 

A comparison of the Round Hill generator as it was 
reassembled in Cambridge with modern 2,000,000-volt 
machines dramatizes the reduction in size resulting 
from use of gases under pressure for insulation. The 
volume of the pressure tank of a modern machine is 
less than one-thousandth that of the steel building that 
enclosed the Round Hill machine, and a single belt six 
inches wide nowadays carries nearly the same current 
as the early machine’s three-yard-wide belts. 

A compressed gas generator that operates in the 
10,000,000-volt range was completed at M.I.T. in 
1952, and has proven especially valuable for funda- 
mental nuclear studies. William W. Buechner, °35, di- 
rects the research program in which it is used. 

The demand for the Van de Graaff generator for nu- 
clear research long ago outgrew the capacity and pur- 
pose of the M.I.T. laboratory in which it was developed. 
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With a group of colleagues, Dr. Van de Graaff and Dr. 
Trump formed the High Voltage Engineering Corpora- 
tion in 1947. It has installed more than 160 accelerators 
in universities, national nuclear laboratories, hospitals, 
and chemical research plants throughout the world. 

The particles used as projectiles in great accelerators 
gain their energy either by repeated application of small 
voltages or the single application of a constant voltage, 
as in the Van de Graaff generator. Although the latter 
has distinct advantages in precision, and beam intensity 
and flexibility, it has been limited to relatively low- 
particle energies because of the single application of 
the voltage to speed the particles on their way. Recent 
developments, however, have shown that the principle 
of tandem acceleration can be employed to apply 
voltage two, three, or even four times to accelerate the 
ions, and thus increase the positive-ion output energy. 

In tandem acceleration the output energy for me- 
dium-weight particles is increased manyfold by stripping 
electrons from the ion beam. Machines of this type have 
been delivered to several of the world’s famous atomic 
research laboratories. The High Voltage Engineering 
Corporation is building a 100-million electron volt, 40- 
kilowatt, microwave linear accelerator for the Bureau 
of Standards now. 

In 1959, High Voltage Engineering and the B. F. 
Goodrich Company formed a jointly owned subsidiary 
called Goodrich-High Voltage Astronautics, Inc., which 
is interested in the development of advanced propulsion 
systems and methods of power conversion for the ex- 
ploration of outer space. It may well be that, when man 
conquers space, vehicles equipped with machinery em- 
ploying the principle of the Van de Graaff generator 
will soar from the earth into galactic space. 





Van de Graaff radiation processing improves many materials. 
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Books 


ADVENTURES IN ALGEBRA, by Norman A. Crow- 
der and Grace C. Martin, and THE ARITHMETIC OF 
COMPUTERS, by Norman A. Crowder (two “Tutor- 
Texts” published by Doubleday & Company, each 
$3.95). Reviewed by Philip Franklin, Professor of Math- 
ematics at M.1.T., in the same manner in which both 
books were written. 


1. Like the newly developed teaching machines, 
each of these books is an automatic teaching tool. The 
format is aimed to insure that an attentive and con- 
scientious reader who follows instructions and reaches 
the last page will necessarily have a considerable under- 
standing of the subject treated. 

To this end, information is offered in small units. 
At the end of most units there is a question, with 
several suggested answers. A direction as to which item 
of the book is to be read next is given with each answer. 
By choosing a particular answer as best in his opinion, 
the reader automatically selects what he reads next, and 
thus sequentially determines his progress through the 
book. To illustrate the format of the books, the sections 
of this review are numbered. They are not necessarily to 
be read in consecutive order, but rather in accord with 
the directions given at the end of most sections. Please 
follow that direction which corresponds to the answer 
you select. 


Which of the following statements best represents your 
reaction to automatic teaching methods? 


(a) I have no interest. (Stop reading this review, and 
turn to some other item in this magazine) 

(b) I have some interest. (Read section 3 next) 

(c) My interest has already led me to read the two 
books under review. (Read section 5 next) 

(d) I am interested. I am familiar with Crowder’s 
TutorText method, but not with the contents of the two 
books under review. (Read section 4 next) 


= Ww P 


2. You did not follow the instruction corresponding 
to your answer to the question at the end of Section 1. 
Please reread the emphatic admonition given before 
this question. 


Ww KW YW 


mn 


3. The object of the special arrangement of material, 
questions, and directions of these texts is to set up a 
course of reading individually programmed for each 
student by his choice of answers. The questions are 
designed to test his grasp of the item discussed. A best 
answer shows that he is prepared to start a new unit, 
and he is so directed. An incomplete answer, or one 
obtained by a misunderstanding or an illegitimate pro- 
cedure, leads to an item explaining why the answer 
was incorrect or incomplete, and then referring the 
reader back to the original question for a second try. 
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Some wrong answers show that the reader has forgotten 
or ignored definitions of terms or symbols given earlier, 
and the reader is advised to reread these. 

Thus when the reader grasps the point at once, he 
skips much irrelevant (to him) further explanation and 
elaboration. But the slower learner, or less attentive 
reader, will find profitable the explanations of com- 
mon errors and the rereading of definitions which are 
called to his attention when he needs them. 


Is it intended that the user of these texts should 
read all the material in consecutive order? 


(a) No. (Read section 4 next) 
(b) Yes. (Reread section 3 with closer attention, and 
then choose the other answer) 


wwii“ 


4. “Adventures in Algebra” deals with elementary 
algebra. The nature of numbers is stressed, and much 
technique is carefully explained. Such topics as prime 
numbers and mathematical induction are included, and 
presented in terms accessible to readers with very mod- 
est mathematical preparation. These topics should add 
to the interest of adults using the book to refresh their 
school algebra. The book should prove useful to school 
children beginning algebra as a supplement to their 
school work. And their parents, who remember how to 
use algebra but do not recall how one starts the sub- 
ject, may be helped by this book. 

“The Arithmetic of Computers” reviews decimal 
arithmetic, and then treats octal and binary arithmetic. 
Thus it proceeds from an analysis of the use of ten 
as a base, to an arbitrary base, and in particular the 
use of eight as a base and then two as a base. Some 
details of the treatment of signed binary numbers by 
digital computers are explained in the last quarter of 
the book. (Read section 5 next) 


ww x¥ 


5. Both books give greater emphasis to reasoning 
and a grasp of principles than was customary in older 
school books. They include some topics under consid- 
eration for a place in recently revised mathematics cur- 
ricula. Unlike many teaching machine sequences, they 
do not overemphasize drill. For mature readers with 
average self control, or immature readers with very 
little advice and supervision, books of this type should 
be an inexpensive alternative to teaching machines, 
having many of the advantages of a teaching machine 
sequence. 

In these two books the programming idea is carried 
out with great technical skill. The breezy comments, 
compliments, and scoldings with occasional humor or 
satire make it easy for the reader to imagine that he 
is being talked to by a teacher. The choice of material 
for these books demonstrates that the writers are well 
versed not only in algebra and arithmetic as elementary 
subjects, but also in their foundations, applications, 
and connection with advanced mathematical topics. 
And the multiple-choice questions and answers, as well 
as the remedial items to which one is led by choosing 
a distractor, indicates that the authors have had suffi- 
cient experience in personal teaching of these subjects 
to be familiar with most of the mistakes commonly 
made by beginners. 
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DIGITAL COMPUTER FUNDAMENTALS, by 
Thomas C. Bartee, of M.1L.T. Lincoln Laboratory; Mc- 
Graw Hill Book Company ($6.50). Reviewed by F. J. 
Corbato, ’56, Associate Director of M.1.T. Computation 
Center. 


COMPUTATION by high-speed computers is rapidly 
growing and there is still a shortage of explanatory 
books. As computers have a larger and larger effect 
and impact on contemporary life, it is encouraging that 
books are appearing which bridge the gap between the 
research laboratories and the intelligent layman. 

Advances have been so rapid in computing that al- 
ready there are two groups of specialists. One group, 
the designers and builders, is concerned primarily with 
“hardware.” This group continually strives for clever 
circuits, faster switching, cheaper memory devices, re- 
liability, and generally faster techniques. 

The other group, the system programmers, have be- 
come primarily concerned with the utilization of digital 
computers. Fundamentally digital computers perform 
logical operations such as adding, subtracting, compar- 
ing, skipping an instruction if the result is negative, etc. 
In principle, it is fairly obvious that exceedingly com- 
plex sets of instructions called programs can be de- 
vised to accomplish any well-specified task. In prac- 
tice, however, it has been found that straightforwardly 
preparing these basic machine instructions is hopelessly 
tedious and time consuming. As impressive as com- 
puter applications have been they are still limited by 
programming clumsiness. In the past few years pro- 
gramming techniques have begun to evolve using new 
programming languages that are more succinct and po- 
tent than the previous ones. The general problems of 
designing these languages and developing the corres- 
ponding translators to the fundamental machine lan- 
guage form an active area of current programming re- 
search. 


The present book is primarily a description of com- 
puters written from the “hardware” point of view. 
Chapter 1, Computer Operations, is concerned with a 
brief historical summary and a few examples of appli- 
cations that serve to motivate the usefulness of a com- 
puter. Chapter 2, Programming, is also brief, but it is 
a clearly written, short description of the fundamental 
ideas of programming. Chaptér 3, Number Systems, 
introduces the notion of different representations of 
numbers and particularly, binary, binary-coded decimal, 
one’s complementing and two’s complementing. 

The first three chapters are a fundamental introduc- 
tion. Chapter 4, Basic Logical Circuits, is directed not 
only at the casual reader but at the serious student 
as well. OR-gates, AND-gates, inverters, flip-flops, 
binary counters, the race-problem, and other related 
topics are developed using transistor circuits. (It is a 
measure of the thinking in the computer world that 
vacuum tubes are beginning to be treated as obsolete 
equipment!) Chapter 5, Logic Design, gives a straight- 
forward application-oriented presentation of Boolean 
algebra along with DeMorgan’s Theorem and other 
manipulation principles for developing the necessary 
switching circuits of computers. 

The remaining chapters cover the design of the key 
computer sections. Chapter 6, The Arithmetic Ele- 
ment, is an extended treatment of this vital part of the 
computer. As the author points out, “arithmetic ele- 
ment” has become almost a misnomer and the term 
“logical element” would be a better description. Chap- 
ter 7, Memory Element, discusses the basic features of 
core memories as well as magnetic drums, tapes and 
discs. Chapter 8, Input-Output Devices, is a survey of 
the common tape and card readers, printers, cathode- 
ray tube output, and other similar devices. Chapter 9, 
The Control Element, discusses the execution of typi- 
cal operations and how various complexities such as 
floating-point arithmetic are handled. 





Science Fiction at M.I.T. 


HuGo GERNSBACK, a man with both an abundance of 
reminiscences and a mission, was a guest last fall of 
the M.I.T. students’ Science Fiction Society. Many 
Alumni will recall his name as that of the publisher 
of Radio-Electronics and author of Ralph 124C 41+. 
Mr. Gernsback regaled the young men in his audience 
with stories of Nicola Tesla’s pigeons and told them, 
too, about the “Westing Mouse vest-pocket radio” for 
which he himself received 2,000 orders at a time when 
no such thing existed. But he also pointed out that the 
Russians have discovered science fiction only recently, 
and he pleaded seriously for a renaissance in this art 
in this country. 

Today’s outstanding authors of “scientifiction,” said 
Mr. Gernsback, are: Dr. Arthur C. Clarke, Dr. Isaac 
Azimov, Robert A. Henlein, A. E. van Vogt, Clifford 
D. Simak, Theodore Sturgeon, and Hal Clement. But, 
he insisted, science fiction is “the domain of youth,” 
and the M.I.T. Science Fiction Society “could easily 
become the leader of an important new movement in 
science fiction.” 


At the right, Mr. Gernsback is shown autographing a 
book for Anthony R. Lewis,’61. 


38 (Book news is continued on page 40) 
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BUSINESS IN MOTION 





Wo act: Creag on plmrivataas ici... 


The extruded copper section sketched below is used 
in a low-voltage circuit breaker made by one of 
the country’s leading electrical equipment manufac- 
turers. 

Originally it was two extrusions brazed together 
as shown by dotted line. However, it was reasoned, 
if it could be made as a single extrusion a number 
of operations would be saved. At first that pro- 
cedure appeared to be imprac- 
tical in a copper extrusion as 
intricate and heavy as this 
(piece of it only 3%.” long, 
measuring 414” x 4%”, weighs 
eight pounds, seven ounces). 
But the possibility was believed 
to be worth investigating. 

Through close collaboration 
between the manufacturer’s 
engineering department and the Revere Methods 
and Production Departments, it was found possible 
to combine these two sections into a single extru- 
sion. Work was started, dies were made and test 
runs conducted. The tooling (for hot extrusion was 
followed by cold drawing) also posed some special 
problems. It had to be both rugged and precise in 


order to produce this monster extrusion to the 











manufacturer’s exacting specification requirements. 

Finally, a sample extrusion was delivered to the 
customer for testing and found to be right in 
every way. 

Not only does this Revere Copper Extrusion elim- 
inate much costly machining in the customer’s plant, 
but it obviates the need to purchase separate extru- 
sions and braze them together. An extra benefit was 


gained in the form of longer 


k 4y," | 


life for the new extrusion, be- 
cause the heat required to join 
the two pieces used originally 
had tended to soften the built- 
up unit and thus shortened its 
useful life. 

So, while some problems 
may seem virtually insoluble 
at first, why not explore the 
possibilities by doing as this leading manufacturer 
did . . . call on the Revere Technical Advisory 
Service? In that way, by “fitting the metal to the 
job,” Revere may be able to help you to cut costs, 
produce a superior product, or both. 

In fact, it generally pays to adopt that principle 


with all suppliers—take them into your confidence; 


thus add their abilities and experience to your own. 


REVERE COPPER AND BRASS INCORPORATED 


Founded by Paul Revere in 1801 


Executive Offices: 230 Park Avenue, New York 17, N. Y. 


Distributors Everywhere 
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POSTWAR ECONOMIC TRENDS IN THE UNITED 
STATES, Edited by Ralph E. Freeman, Professor of 
Economics, Emeritus, M.1.T. (Harper & Bros., $6). Re- 
viewed by David S. Greenlaw, ’57 Sloan Fellow, of East- 
man Kodak Company, Rochester. 


FROM time to time an economist writes a book. Quite 
often these volumes represent contributions to the lit- 
erature. They are read mostly by other economists. If, 
by chance, a businessman, engineer, or industrial 
manager wanders very far 
into one of these books he 
may become frustrated, a 
little annoyed, and eager 
to return to familiar if not 
solid ground. Books by 
economists for economists 
are necessary. They are 
rarely useful for the mod- 
erately informed, active, 
industrial, professional 
person. 

Frequently, too, an 
economist writes a book 
for broad public consump- 
tion. Many times in re- 
cent years these books 
have been persuasive, incisive, and devoted to the ex- 
position of a point of view. Whether aimed at historical 
perspective or the forecasting of events to come, such 
books are usually free from data, not in the least bit 
technical, and limited to the breadth of vision of a 
single person. 

Between the textbook by economists for economists 
and its counterpart in popular economic literature lies 
a wide valley. In this valley most professional indus- 
trial people spend their lives. Postwar Economic Trends 
in the United States is for the people in the valley. 

The book contains ten essays, each by a different 
author or author team. Each essay is a thoughtful and 
provocative analysis of certain factors which combined 
to produce the economic development of the United 
States after World War II. Each of the essays is 
strengthened by the presentation of data and facts 
prior to the analyses. 

Each author knows the others on more than a casual 
or “conference” basis. The authors are or have been 
associated in the Department of Economics and Social 
Science and the Center for International Studies at 
M.I.T. Many of the arguments presented have been 
tested, reworked, strengthened, and developed during 
the building of a great center and a great department. 

A synergistic effect results from crossing and weav- 
ing the threads of individual thought arising from differ- 
ent backgrounds of scholarship and interest. The result 
is a single fabric of inquiry—coherent, scholarly, and 
readable. Here is no flip book hastily put together. 
It urges the reader to think carefully and read thor- 
oughly. The book assumes a grasp of something like 
first and second-year economics plus an interest in the 
subject. Armed with some basic concepts, the reader 
is not likely to be overwhelmed. 

Listing the authors and the subjects of their essays 
should elicit a curiosity on the part of many potential 
readers who have been so busy with daily problems 


Ralph E. Freeman 


40 


that they haven’t read anything very serious in the field 
of economics. 

“The Dynamics of American Society” by W. W. 
Rostow deals with the changes in American domestic 
life including the domestic crisis of 1956-1958. Pro- 
fessor Rostow delineates new forces at work in the 
1960’s which offer arguments for both affluence and 
austerity for the future. The changing goals of the 
American economy are developed after pointing out 
the social forces that have shaped this change. 

“American Economics” by Paul A. Samuelson be- 
gins with early American economics and recalls some 
of the first American writers in this field. Professor 
Samuelson spells out the development, in the United 
States, of a competence in the technology and science 
of modern economics. Fom this newly evolved capabil- 
ity within the United States comes the recognition of 
some problems. 

“Postwar Monetary Policy” by Ralph E. Freeman 
begins with the economic heritage of war and depres- 
sion, and outlines step by step the action of the U.S. 
Government through the several changes in monetary 
policy. Professor Freeman reconstructs the situation 
and forces which placed monetary policy in eclipse. 
He then describes the factors responsible for a revival 
in monetary policy and offers a judgment of its fu- 
ture importance. 

“Income Inequality Since the War” by Robert M. 
Solow focuses on a subject dear to the heart of every 
professional person who now feels that his economic 
status has been gradually eroded by taxes and indus- 
trial wage policy so that no differentiation in income 
remains among the widely diverse contributions of in- 
dividuals. Professor Solow carefully documents his 
arguments to analyze the degree to which the postwar 
period has shown a redistribution of income. 

“Federal Fiscal Policy in the Postwar Period” by E. 
Cary Brown carefully picks apart and delineates fed- 
eral fiscal policy as viewed with the specular clarity 
of hindsight. The effectiveness of fiscal policy in deal- 
ing with the postwar inflation, the recessions of 1948 
and 1957, and the inflationary periods is carefully re- 
viewed. In the background are questions regarding 
what was actually done and what might have been done. 

“Continuity in Change in American Labor Prob- 
lems” by Abraham J. Siegel and Charles A. Myers. 
The executive dining rooms of most American indus- 
tries have from time to time echoed with the sterling 
thought that inflation and arrested economic growth 
have been caused by an avaricious labor movement 
whose irresponsibility is deplorable. Professors Siegel 
and Myers carefully review American labor problems 
in the recent past and offer a look ahead for the 1960's. 

“Development, Diversification, and Decentraliza- 
tion” by Alfred D. Chandler, Jr. The evolution of a 
new pattern of competition among firms in different 
industries making the same product is discussed and 
described. The implication of the modern diversifica- 
tion in multi-industry activities which has altered the 
older patterns of business competition is carefully 
set forth for the major industry groups firm by firm. 
Here is a careful restatement of the position to which 
firms have evolved during the postwar period, which 

(Continued on page 42) 
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London Records Presents 


Gilbert and Sullivan 


with the 
D Oyly Carte Opera Company 




















The Pirates 
Princess Ida 
Yoemen of 


Gondoliers 


H.M.S. Pinafore The Mikado 


of Penzance The Sorcerer 
Patience 

the Guard lolanthe 
Ruddigore 


Special 7.78 each 


List Price 9.96 each 


Each opera in a set of two records plus Libretto 


If you order the complete set you will save $26.78 on the list price, 
receiving a free album, Trial by Jury, by Gilbert and Sullivan. 





Tech Store 


40 Massachusetts Ave. 
Cambridge 38, Mass. 





ORDER FORM 


[_] Please send me the complete set of Gilbert and Sullivan operas for $77.80. 
Please send me the Gilbert and Sullivan operas checked below at $7.78 each. 
[_] H.M.S. Pinafore [] The Mikado 
[_] The Pirates of Penzance [_] The Sorcerer 

[_] Princess Ida | Patience 
[_] Yeomen of the Guard [] lolanthe 
[_] Gondoliers [_] Ruddigore 


[_] Check 


Special: All orders received by Jan. 31, 1961 will 
be mailed free in the United States. 
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is different from the stereotyped pattern carried by 
many of us. 

“Some Aspects of Corporate Enterprise’ by M., A, 
Adelman develops the analysis and argument that dur- 
ing the postwar period a polarization of capital and 
labor, and the size and fewness of firms, have made 
corporations politically weaker rather than stronger. 

“A Decade of Corporate Capital Investment: 1946- 
1955” by Eli Shapiro and Morris Mendelson. In this 
period under review, the United States corporations 
managed the greatest absolute level of capital growth 
that has ever been experienced in the country. The 
manner in which this growth was financed, and its re- 
sult in terms of the condition in which corporations 
found themselves after the expansion had been com- 
pleted, are carefully analyzed and set forth. An abun- 
dance of charts and data assist in describing what well 
may be a modern economic miracle. 

“International Trade and United States Experience” 
by Charles P. Kindleberger is quite properly the last 
essay. It turns attention to the position of the United 
States in foreign trade. Here Professor Kindleberger 
follows the well-worn trail of the model of compara- 
tive advantage as far as it will go, but then does not 
hesitate to strike off on his own to describe the ex- 
perience of several major industries in the field of 
world competition. Tariff history and suggested cause- 
and-effect relationships are spelled out. 

At the end of each chapter in the book there are 
notes and references which should lead the interested 
and competent inquirer to a busy winter of economic 
study and review. 

It is almost as if Ralph Freeman had worked hard 
to bring together men of independent yet complemen- 
tary and competent scholarship and had asked them 
to write a book. With several authors, each specializing 
in his own field of comparative advantages, the book 
gives an insight into the subject which is deeper, 
broader, and clearer than would be obtained if the 
reader studied the scholarship of any one author. Per- 
haps it is no coincidence that the book produces this 
impression. It is precisely from this background that 
the book has come. Ralph Freeman was the head of 
the Department of Economics during its formative 
years and has had more than a little to do with as- 
sembling an academic team whose strengths are com- 
plementary and whose scholarship individually and in 
the aggregate is competent. Ralph Freeman’s team 
wrote the book. 


DYNAMIC PROGRAMMING AND MARKOY 
PROCESSES, by Ronald A. Howard, °55; The Tech- 
nology Press of M.1.T. and John Wiley and Sons, Inc. 
($5.75). Reviewed by Thomas C. Bartee, Lincoln Labo- 
ratory, M.1.T. 


THIS MONOGRAPH presents an introduction to two sub- 
jects in the field of operations research: dynamic pro- 
gramming and Markov processes. The volume is slim 
(136 pages), but the pace is lively, and the book cov- 
ers considerable material. Further, the presentation is 

(Concluded on page 44) 
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NARRAGANSETT CAPITAL CORPORATION 
TEN DORRANCE STREET, PROVIDENCE 3, RHODE ISLAND 





Serving Research Based Small Business 


© As Financial Consultants 
¢ As a Technically Knowledgeable 
Capital Resource 
A. H. Hartman '41, Vice President 


A Federal Licensee Under the Small Business Investment Act of 1958 


SUBURBAN OFFICE and RESEARCH SPACE ON ROUTE 128, WALTHAM, Mass. 
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Renting from 2,000 to 70,000 sq. ft. of first class space in your own or a multi-tenant building. 0 
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HOBBS BROOK PARK 


OVERLOOKING HOBBS BROOK RESERVOIR 
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very clear and may be easily followed by readers with 
no prior knowledge of the field. At the same time the 
book should be of value to those interested in the use 
of Markov processes as system models, for both dy- 
namic programming and Markovian models are suffi- 
ciently recent subjects that an introductory book can 
present original and novel material. 

The subject matter for the book was taken from an 
Sc.D. thesis in Electrical Engineering, and is also based 
on work done at the M.I.T. Computation Center and 
the M.1I.T. Research Laboratory of Electronics. The basic 
problem is that of analyzing a system which can 
be considered to be in one of a finite number of states 
at a given time, and for which conditional probabilities 
may be assigned to each of the possible transitions 
from state-to-state. After explaining an analysis tech- 
nique based on use of the z-transform, the author de- 
scribes Markov processes with rewards, considering 
rewards assigned to states and state transjtions in vari- 
ous ways. The decision problem is then introduced, 
where the operators of the system are offered several 
courses of action, and the choice of policy (strategy) 
will change the transitions probabilities and rewards 
governing the process. Two computational schemes for 
determining an optimal policy are then presented. The 
first, value iteration, appears more desirable for short- 
duration processes, and the second, policy iteration, 
better for long-term (continuous-time) processes. 
Professor Howard has made excellent use of the tech- 

























A NEW COMPUTER, an IBM 1620, a small, solid-state 
machine with a magnetic core memory, has been installed ig 
the Civil Engineering Computer Laboratory. Frank L. Sib 
lay, °64, helps Professor Charles L. Miller, °51, use it 














nique of explaining new ideas by means of illustrations, 
The reader of this book will find himself guided through 
the use of z-transforms in analyzing discrete Markoy 
processes by means of a problem confronting a toy 
maker, and introduced to policy iteration via a problem 
in strategy confronting a baseball manager. 

Because of the straightforward approach, a surprising | 
amount of material concerning the use of mathematical 
models and dynamic programming in the solution of | 
sequential problems is presented. | 

This book may be very profitably read by those in | 

| 










the operations research field, and will impart a sur 
prising amount of useful theory, painlessly acquired, to 
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CURTIS HELPS 
THIS SWITCH LIVE TO 
A RIPE OLD AGE 


Pad-mounted transformers for underground power distribution 
systems are built to last a lifetime. They require a minimum of 
maintenance. Settings are changed infrequently. But when a 
change is required, this switch must operate smoothly and surely. 
To insure a long, dependable life, without freeze-ups or rust-outs, 
the manufacturer equipped it with a Curtis C-646 1” O.D. Stain- 
less Steel double universal joint. 

This kind of dependability is the stock-in-trade of Curtis joints 
— size for size the strongest universal joints designed for industry. 
Selected materials, precision engineering, continuous testing, in- 
— and quality control at every stage of manufacture — 
these are some of the things that make Curtis joints your most 


dependable buy. 


UNIVERSAL JOINT CO., INC. 
81 Birnie Ave., Springfield 7, Mass. 


As near fo you oxen, telephone. E psa #714 
@ manutacturer of universal joints since 191 








14 SIZES 
ALWAYS IN STOCK 
%” to 4” 

Not sold through dis- 
tributors. Write or 
phone REpublic 7-0281 
for latest catalog, free 
engineering data and 

price list. 











44 












. ae 








Heat-Exchange Capacity 


Even Le ESS Air Friction 
with AEROFIN 


Smocth-"Fiu 


Heating and Cooling Coils 
Write for Bulletin S-55 


AEROFIN CorRPORATION 


SYRACUSE N.Y. 
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Sangamo Electric Company needs engineers with bold | 
and imaginative ideas that probe into the future for | 
products that can be used today. 


Sangamo is a pioneer manufacturer of electrical measur- 1 | % T R | @ ) oad 


ing and control equipment, and electronic components 
that include electric meters, power offers 
capacitors, time switches, dyna- 

ENGINEERS: motors, generators, electronic 
capacitors, recording instruments | a new 
and military items. In addition to 


mele k fe) our main plant in Springfield, others dimensio nN 


are located at Marion, Illinois; 


Pickens, South Carolina; Leaside, , on 
SAN GAM @) Canada; and Enfield, England. m Pprecrsio n 
Investigate your opportunity with materials 
for °F Sangamo ...ask your College 
Placement Officer, or write directly " 
to Sangamo’s Training Director. testing 
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The “new dimension’? It’s Instron’s capacity to do more 


cL. S&& These MIT men now hold key 
use it ere | reer positions with Sangamo: and do angen oy urately. Here are a few examples 
nstrons today are being used to test materials ranging from 
Ee ae Tne acetate to zirconium with electronic precision . . . to study 
rations Herbert M. Johnson, Class of 1943 single metal crystals to reveal new facts about the nature of 
; | ; Chief Engineer twinning . to test high strength steel . . . to examine single 
through fibers of cotton, wool, and human hair . to obtain accurate 
Markoy j vield points in fine wire .. . to record toughness of paper, using 
t i special digitizer and print-out equipment to study memory 
a toy , ah ShChNy effects and physical properties of plastics . . . to examine special 
sroblem i allovs at high temperatures. 
Instron’s “new dimension” its capacity to do more things 
_ = | more accurately enables R & D programs to move ahead 
rprising et t+ : | ‘ . faster, often into areas unapproachable with conventional 


‘matical : testing equipment. 
ition of , 2 ose see . 
oe ; : ® 
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ose in NGAMO ENGINEERING CORPORATION fx \ 


a SUI Electric Company 2503 WASHINGTON STREET 
Be . CANTON, MASS. 
jired, to iitiihiihtnbeaedn Harotp Hinpsan °39 II Georce S. Burr ’41 VIII 





rarurns COAXIAL CABLE 


DESCRIPTION CONSTRUCTION 90” CABLE 


8 i w Ss U - E R J E T Inner Conductor: #20 Nickel Clad Copper 
a N oO Fe G A N i Cc i] N Ss U a AT i oO N Cable Core: BIW Fibrous Insulation (see opposite) 


| bl i t th tantl — Outer Conductor: Nickel-coated Copper Braid 

> ree ‘ r > : 2 > “J , 3 y 

solves many pro ems OM nd . — an ty rising Jacket: Choice of materials available depending on 
temperature requirements of missiles. While the inorganic application. i.e. Silicone rubber, glass 


ly 


insulation is fibrous in form, it is, however, protected to braid, metal tubing, corrugated tubing. 
ELECTRICAL CHARACTERISTICS 


some degree from the absorption of moisture under humid 
conditions. Decomposition due to heat aging leaves no Capacitance: 23-25 mut/Ft. @ 75° F 
deleterious carbon deposit. 26-27 neli/Ft. @ CO’ F 
Characteristic Impedance = 85-90 ohms 
Flexibility — these cables can be bent or twisted without Attenuation: 15-.25 @ 75°F 500 KC 


damage following exposure to high temperature. db loss 100 ft. 2.5-3.0 @ 75°F 5 MC 
ae eee oe ae ey wn .25-.35 @ 600° F 500 KC 
ens eee po ts through the use of oxygen-free 35-40 @ 600° F 5 MC 
nickel-clad copper conductors. Noise Level: Before heat aging 1.69 MV peak to peak. 


50-70-90 ohm impedances available NBS4094 After 100 hours @ 600° F no increase. 


ION Write for more information. 


BOSTON INSULATED WIRE AND CABLE CO., BOSTON 25, MASS. 
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You use SLs 
Visiting Professor [ 


FRED W. BILLMEYER, JR., scmoi te- 

search chemist in the Polychemicals 

Department of E. I. du Pont de Ne- 

= mours & Co., Inc., is a visiting pro- 

call for fessor this term in the M.I.T. De- 
partment of Chemical Engineering. 

Lipa A graduate of California Institute 

of Technology, he received his doc- 

For all applications— torate from Cornell, and has been 
for use with all standard with the Du Pont Company since 
types of temperature 1945. He is the author of many tech- 
indicators, controllers, nical papers on polymer chemistry 
sonuiiure.ee make o and a textbook which is widely used. 


Se ailesliienn ol In addition to teaching this term, he 
a is helping Professors Alan S. Mi- 





thermocouples from chaels, °44, and Edward W. Merrill, 

matched and checked ‘47, who are developing a new 

____—;; ___ wires, assuring constant course which the Department wil 
ee \ millivolt output for offer next term. 


accurate readings. 
New Neighbors 
L. DENNIS SHAPIRO, °55, heads a 
MEY new firm, Aerospace Research, 
Inc., at 90 Massachusetts Avenue, 
Cambridge, which will engage in 
research and development in radio 
DATA propagation and ionospheric phys- 
ics. Robert B. Craven, °55, is in 
charge of instrumentation,-and Mel- 


BOOK vin M. Weiner, °55, is a member 

of a staff consultant advisory group. 

William E. Barbour, Jr., °33, is 

president of another new corpora- 

FREE tion, Magnion, Inc., located at 195 

Albany Street, opposite M.I.T.’s new 

Magnet Laboratory. It expects to en- 

rR gage in research and development of 
Revised 40-page magnetic systems and products. 

file-size catalog 





@ Lists all data Fellows From Abroad 





(I.S.A. standards), THE ScHooL for Advanced Study 
Write components and now has 10 Sloan Foreign Post- 
prices Doctoral Fellows working in eight 

for your new M.I.T. Departments. They are: 
Thermocouple ® Graphically shows ‘ — or’ ay from 
how to select best ugoslavia; austo Calderazzo, 
Data Book thermocouple and Chemistry, from Italy; Y. 8B. 
now protective tube for Damle, Economics, from India; 
each operation Karl Fischer, Crystallography, from 
Germany; Allan E. Mitchell, Me- 
W ‘7 S chanical Engineering, from Eng 
LZ y/ natucment— land; Kazuo Noda, Industrial Mat- 
CORPORATION agement, from Japan; Toru Ogawa, 
SALES OFFICES IN PRINCIPAL CITIES Physics, from Japan; Clive H. Per- 
4355C MONTROSE, CHICAGO 41, ILL = ry, Mechanical Engineering, from 
/ =) ee — England; Hiroshi Tanaka, Mathe- 
British Subsidiary matics, from Japan; and Herta von 
de Saeed Ss, Bricitan |. Sesees Dechend, Humanities, from Ger 

Represented in Canada by Davis Automatic Controls, Ltd many. 
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ADVANCED 
SYSTEMS 
LABORATORIES 


(on famed ‘‘Electronics Row” 
in suburban Boston) 








NEW 
ENGINEERING 
OPERATION 


(on suburban Long Island 
near New York City) 











To meet the recent increase to $50 million in contract commitments, 
Sanders Associates of Nashua, New Hampshire is rapidly expanding its 
engineering staff in 3 locations: Nashua Headquarters; 

Burlington, Massachusetts and Plainview, L.I., New York. 


This new expansion follows a 9-year growth from 11 engineers to over 
1600 employees — a growth soundly based on technical excellence — 
inventing new concepts instead of using traditional approaches. 


Pioneering programs are being continued in phased arrays, radar, pulse doppler 
radar systems, space radar and communication systems. Advanced concepts 
and techniques in a variety of areas provide stimulating assignments involving 
space technology, missiles and radar systems. 


Positions available at all locations for: 


SENIOR SYSTEMS ENGINEERS PRODUCT DESIGN ENGINEERS 


nent of 
cts. 


Study 

Post- 
n eight 
, from 
lerazz0, 
Y. & 

India; 
y, from 
ll, Me 
1 Eng 
11 Man- 
Ogawa, 
H. Per- 
s, from 
Mathe- 
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REVIEW 


To contribute to advanced techniques in the 
general field of military electronic systems. 
Applicable experience includes systems analysis, 
synthesis and integration, with extensive 
background in circuit design augmented 

by hardware implementation. 


CIRCUIT DESIGN ENGINEERS 

EE or Physics graduates with 2 to 8 years 
experience and familiarity with tubes and 
transistors and their utilization in all types of 
circuits, as well as the integration of 

circuits into sub-systems. 


TRANSMITTER DESIGN ENGINEERS 
2 to 8 years experience. For work up to 
and including microwaves. 





To arrange for a convenient interview at any of the 
three locations, send resumes to Mr. Richard McCarthy, 
Employment Manager, in Nashua. 


a SANGEARS ASSOCIATES, INC. 
















ME with heavy experience in feasibility studies 
coupled with experience in taking developed 
systems into production, monitoring mechanical 
design and overall packaging concepts of 

ECM or other airborne systems. 


Positions in Plainview, L. I. 


GROUND SUPPORT EQUIPMENT 
ENGINEERS 

To design and develop system, assembly and 
sub-assembly electronic test equipment for 
the military. Should have appreciation for 
test equipment philosophy, with extensive 
experience in circuit design and hardware 
follow-through. 
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Institute Yesteryears 
(Concluded from page 24) 





read, showing a balance on hand. January 1, 1886, of 
$59.83. The report of the trustees of the Alumni Fund 
was read and accepfed, the report showing the amount 
at hand to be $1,133.27. . . . The annual election of 
officers was then held, and the following were elected 
to the offices indicated: Howard A. Carson, ’69, Presi- 
dent; Henry M. Howe, 71, Vice-president; George F. 
Swain, ’77, Secretary. 

@. The Editor of The ‘Tech took notice of the ap- 
proaching end of the first semester, and entered a plea 
on behalf of “cramming,” to wit: 

“The much-dreaded semi-annuals are now at hand, 
and the traditional midnight oil and wet towels are in 
order. ‘Cramming’ is almost universally considered, by 
those who do not have to do it, as not only injurious 
to health, but also an illegitimate method of getting a 
good standing. 

“When one writes home how hard he is ‘grinding’ 
during the examinations, how late he is sitting up at 
night, and other tales of woe, paterfamilias will prob- 
ably reply that he sees no reason why he need be obliged 
to study so excessively before the examinations if he 
had given sufficient attention to the subjects when he 
first went over them, together with other remarks of like 
nature. This seems to be a popular impression among 
those who do not know anything aboutit. .. . 

“While a long period of habitual midnight study 
would soon undermine a man’s health, a few days of 
it, with an interval of rest afterward, will not seriously 





harm anyone of good average constitution. We might 
even go so far as to say, that there are certain advan- 
tages to be derived fromit. . . . 

“The one direct advantage gained from cramming 
is perhaps its discipline. The art of acquiring in a short 
time a good general idea of a subject is a great accom- 
plishment, and one which few possess; yet this is what 
this much-abused process of cramming does for us. 

“It trains the mind to open itself, as it were, and take 
in a very great deal at once, and to be accustomed to so 
doing .. .” 
¢ And, in an adjoining column of The Tech, ap- 
peared this notice: “It is said that the issue of free 
railroad passes is a source of corruption among State 
legislators. If any Instructor will give us a free pass on 
Railroads, Applied Mechanics, and one or two other 
little things, we will corrupt him to any desired extent.” 


100 Years Ago... 


ON JANUARY 11, 1861, under the leadership of William 
Barton Rogers, there took place in the Mercantile 
Building, 16 Summer Street, Boston, a meeting of per- 
sons interested in the formation of an institute of tech- 
nology. An “Act of Association” was adopted, reading 
in part as follows: 
“Resolved: That a Committee of Twenty, with power to 
increase their number, be appointed to represent the in- 
terests and objects of this Association, and to act general- 
ly in its behalf until it shall be legally incorporated and 
regularly organized under the title and according to the 
purposes of the Massachusetts Institute of Technol- 
ee 











RUGG ED 
WIRING 
DEVICES, 


precision machine screws 
and fasteners 


HARVEY HUBBELL, INC. 
Bridgeport, Connecticut 


G. R. WEPPLER ‘37 
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Eleven types, 
both single and 
double pole. 
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Long life. 
Low noise level. 
Extreme reliability. 


Write for Catalog. 


STEVENS 


INCORPORATED 


ARNOLD 


7 ELKINS STREET 
SOUTH BOSTON 2 
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advan- 
amming Research Problems at 
a short Hamilton Standard 
accom- 

is what 
S. 
ind take 
ed to So BEACON 
ha on a new world of 


of free scientific 
ig State 


pass on exploration: 


o other 


extent.” Electron Beam Physics and Technology 
Hamilton Standard’s research activity on the electron 

William beam process has created a fascinating new realm of 
; scientific exploration, and in some instances, unexplained 
rcantile phenomena. For example, through experimentation sci- 
of per- entists have observed that a 100,000-volt electron beam 
of tech- has found its way through a one-half inch stainless steel 


plate. Research on other phases of the process include 
studies on such interrelated areas as applications in 
thin-film technology, joining metals to non-metals, crys- 
wer to tal-growing processes . . . studies in electron ballistics . . . 
high-voltage generation involving dielectric materials . . . 


reading 


the in- 

*neral- obtaining and measuring ultra-high vacua. There are 
4 ont a variety of problems to be solved by Ph.D.’s in Physics 
or Electrical Engineering ...and they will find these 
to the assignments challenging and rewarding. Facilities will 
chnol- include a complete Research Laboratory under the 


direction of Dr. Charles F. Squire, formerly Professor 
—— of Physics and Director of Research at Rice University, 
Houston, Texas. 

By controlling the electron beam with an electro 
optical lens and a deflector system it is possible to perform 
milling, drilling and welding operations on any known 
material. Intricate configurations and close tolerances 
heretofore impossible have been achieved with this 
process. For example, complex slots or shapes with 
over-all dimensions of only a few thousandths of an 
inch or holes as small as 25 microns in diameter can be 
produced in such materials as tungsten, carboloy and 
quartz. The one-pass weld (shown lower right) was made 
in 0.400 thick stainless steel. No filler metal was added. 

A full complement of scientific and engineering skills is 
being applied in electron beam activity just as it is 
through Hamilton Standard’s varied product picture. The 
Company is today a dynamic force in many fields of in- 
terest . . . missile and space systems, solar generation, life 
support systems for space vehicles, ground support equip- 
ment, aircraft engine controls, starters and environ- 
mental conditioning systems. 


DETAIL YOUR CAREER REQUIREMENTS to the 
Hamilton Standard graduate school representa- 
tive .. . then visit our facilities and meet scientists 
working on the Electron Beam process. For further 
information, reply to Mr. R. J. Harding. 





HAMILTON STANDARD DIVISION 
an organization dedicated to Sent and Engineering E\wellence 


UNITED AIRCRAFT CORPORATION 
WINDSOR LOCKS, CONNECTICUT 
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An Industrialized World 
(Concluded from page 32) 


responsibilities mean that the state 
will never ‘wither away’: that Marx 
was more utopian than the despised 
utopians.” 

“The Crucial Role of the Enter- 
prise—The Middle Class and the 
Middle Bureaucracy. The produc- 
tive enterprise under pluralistic in- 
dustrialism will be in a dominant 
position . . . the managers, wheth- 
er public or private, will be pro- 
fessionals . . . distinction among 
managers will be more according to 
the size, the product, and the na- 
ture of their enterprise . . . the 
middle class and the middle bu- 
reaucracy will look much alike.” 

“Associated Man. The occupa- 
tional or professional association 
will range alongside the state and 
the enterprise as a locus of power 
in pluralistic industrialism .. . 
class warfare will be forgotten and 
in its place will be the bureaucratic 
contest of interest group against in- 
terest group. The battles will be in 
the corridors instead of the streets, 
and memos will flow instead of 
blood.” 


“The Web of Rules. Uniting 
these organizations—the state, the 
enterprise, the association—will be 
a great web of rules set by the ef- 
forts of all the elements but par- 
ticularly the state ... the web 
will not equally cover all aspects of 
life.” 

“From Class War to Bureau- 
cratic Gamesmanship. Persuasion, 
pressure and manipulation will take 
the place of face-to-face combat of 
an earlier age . . . Conflict will be 
less between the broad programs of 
capital and labor, and of agricul- 
ture and industry; and more over 
budgets, rates of compensation, 
work norms, job assignments.” 

“From Class Movement to Spe- 
cial Interest Group. The day of ide- 
ological labor movements as we 
have known them will have passed 
. . . Labor organizations will take 
the craft or the occupational form 

. the professional organization 
may become the most:common kind 
of organization like those of doc- 
tors, lawyers, teachers, nurses, air- 
line pilots in many countries al- 
ready . . . generally these occu- 
pational and professional organiza- 
tions will be a conservative force in 


the society.” 

“Organization Man and the New 
Bohemianism. The individual will 
be in a mixed situation . . . in his 
working life he will be subject to 
great conformity imposed not only 
by the enterprise manager but also 
by the state and by his own occupa- 
tional association. . . . 

“The economic system may be 
highly ordered and the political sys- 
tem barren ideologically; but the 
social and recreational and cultural 
aspects of life diverse . . . 

“Utopia never arrives, but men 
may well settle for the benefits of a 
greater scope for freedom in their 
personal lives at the cost of consid- 
erable conformity in their working 
lives. 

“Pluralistic industrialism — will 
never reach a final equilibrium. 
The contest between the forces for 
conformity and for diversity will 
give it life and movement and 
change . . . these threads of con- 
flict will continue when class war, 
and the contest over private versus 
public initiative, and the battle be- 
tween monistic and atomistic ideol- 
ogies have been left far behind in 
the sedimentary layers of history.” 
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Syl of Quality 


in gas and electric 


Whirlpool Corporation has grown from 
a manufacturer of only home laundry 
equipment to the world’s foremost manu- 
facturer of a complete home appliance 
line... both gas and electric. This growth 
is the direct result of a vigorous effort to 
provide American households with the 
best and most meaningful advancements. 

To insure continuity of such advance- 
ments, Whirlpool employs over 1,000 peo- 
ple in its research and engineering labo- 
ratories alone. Out of these laboratories 
have already come such developments as 
the first gas and electric refrigerators 


home appliances 


which prevent the formation of frost in 
the food compartments, the first remote 
control room air conditioners, a gas 
range surface unit so precisely controlled 
that you can fry an egg in a paper plate, 
and an automatic clothes dryer that 
measures the moisture in the clothes and 
tempers the heat accordingly. 

In Whirlpool’s six plants and admin- 
istrative facilities nearly 14,000 employ- 
ees are working to produce and distribute 
a full-line of home appliances that meas- 
ure up to the highest standard of qual- 
ity —that of the American homemaker. 


WHIRLPOOL CORPORATION, St. Joseph, Michigan 
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JUST REPRINTED 
NEW e ENLARGED e REVISED G E A R S 


EDITIONS OF Designed and 
Smoley’s Tables Manufactured to meet 





350 New Pages 


Time Savers for Designers & Builders since 1901. YOU R 


Check items of interest to you: 


Logs and Squares $7.00 od i eq i 
Parallel Tables increased 100’ to 300’ Pr uction R ulrements 
| Slopes & Rises (Tables doubled) $7.00 a 

192 bevel pages increased to 384 c 

Log. Trig. Tables ase0 ustom Gears Exclusively 

areas and circumferences extended 


« 
Three Combined Tables $12.00 
Segmental Functions $6.00 | 0 | 
Four Combined Tables $14.00 
Mail Orders and Inquiries to: 
GEAR CORPORATION 
C. K. Smoley & Sons, Inc. 


P.O. Box 14, Chautauqua, N. Y. 


SYRACUSE 1, N. Y. 




















Bo LIFE ASSURANCE COMPANY OF CANADA is pleased to 
announce that the initial response to its Values in Education series has 
been more than gratifying. Hundreds of thousands of booklets have 
been distributed on request to all parts of the United States and Canada. 
These booklets, which are still available, deal with the advisability of 
remaining in school; existing scholarships and student loan programs; 
trade and industrial schools; school boards and their functions, and 
sports tips for teen-agers. Bulk shipments can be made to educators 
for distribution in schools. 


Sun Life is now offering a further series of booklets in its Values in Edu- 
cation series. ‘How to Get More Fun out of School’ is directed to the 
young teen-ager. It is hoped that ‘The Value of a College Education’ and 
‘Why Study the Humanities?’ will encourage young men and women to 
attend university and help them in their search for their proper vocation. 
Two booklets have been prepared for adults—‘Adult Education Today’ 
and ‘Educating Yourself for Retirement.’ 


Sun Life hopes sincerely that these booklets, and others to be issued in 
the future, will act as a stimulant on young people and at the same time 
prove helpful to parents and educators alike in the performance of their 
duties. Sun Life will be glad to consider any suggestions concerning 
topics for future booklets. 









SUN LIFE ASSURANCE COMPANY OF CANADA A 
Values in Education, 
1 North LaSalle Street, Chicago 2, Ill. 
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Transmission of Information 
By Robert M. Fano. A state-of-the-art discus- 
sion of theoretical foundations of modern 
communications engineering. 


Sequential Decoding 


By John M. Wozencraft and Barney Reiffen. 
A data-communication procedure for which 
complexity grows only algebraically with de- 
lay. 


Error-Correcting Codes 
By Wesley Peterson. An up-to-date treatment 


of coding theory and systems for error-detec- 
tion and error-correction. 


Published By 


The Technology Press, M.I.T. 


Order from Technology Store, M.1I.T. 











Walloping the Atmosphere 
(Concluded from page 27) 

dars equipped with extensive facilities for data process- 
ing and recording can pinpoint the five-inch sphere 
more than 200 miles away. These are being backed up 
by optical devices, including meteor cameras, a Schmidt 
spectrographic camera, and ultimately a 48-inch spec- 
trometric telescope. Still more measurements are being 
provided by the radar equipment at Lincoln’s Millstone 
Hill site near Bedford, Mass. 

Lincoln Laboratory’s theoretical and experimental re- 
search guides this field work. The former includes in- 
vestigations of the shock phenomena that occur when 
a vehicle with hypervelocity enters and travels through 
the earth’s atmosphere, the electronic characteristics of 
the plasma sheath that is formed and left in the wake 
of the vehicle, and techniques for determining the flow 
field with electromagnetic probes. In laboratory set-ups 
preliminary to the field work small projectiles are fired 
at re-entry velocities up to nearly five miles a second. 
This is done in ballistics facilities both at NASA’s Ames 
Research Center and at Lincoln Laboratory. 

The work is sponsored by the Advanced Research 
Projects Agency under a contract with the U.S. Air 
Force. 





NEXT MONTH in The Review, Professor Douglas McGre- 
gor will discuss far-reaching changes in the strategy of 
management necessitated by the growth of science, indus- 
try’s increasing complexity, and the changing composition 
of its working force. 














Callie, Managers 


K. W. RICHARDS ‘07 H. D. BILLINGS ‘10 


10 HIGH STREET 





The TREDENNICK-BILLINGS CO. 


Building a 


Cc. C. JONES ‘12 F. J. CONTI ‘34 


BOSTON, MASSACHUSETTS 














BOSTON NEW YORK _ PITTSBURGH 





PORTLAND, ORE. RICHLAND, WASH. 


ROOSEVELT, PUERTO RICO 


LORD ELECTRIC 


COMPANY 


FOUNDER, F. W. LORD, M.1.T. ‘93 


65 YEARS OF EXPERIENCE IN ELECTRICAL CONSTRUCTION 
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and the prophet replied: 
“It is well to give when asked, but it is 


better to give unasked, through understanding.” * 





Gifts by Will 
TO THE 
Massachusetts Institute of Technology 


The tale is told of Almustafa, the prophet, who, having awaited for many years the 
ship that would return him to the place from whence he came, was making the final 
descent to the shore when the folk of Orphalese crowded about him. They besought 
him before departing to “disclose us to ourselves, and tell us all that has been shown 
you of that which is between birth and death.” 

With words of wisdom, an answer appropriate was given to the woman holding a 
baby, to the ploughman, to the merchant. Begged one, “Speak to us of GIVING,” and 
the prophet replied: 

“It is well to give when asked, but it is better to give unasked, through 
understanding; 

And to the open-handed the search for one who shall receive is joy greater 
than giving. All you have shall some day be given; 

Therefore give now, that the season of giving may be yours and not your 
inheritors’.” 

Through the years the prophet’s words have held true, for even today he who “through 
understanding” includes the MASSACHUSETTS INSTITUTE OF TECHNOLOGY as 
a beneficiary in his will can experience thereby a two-fold satisfaction. The successful 
culmination of his search for a worthy recipient and the anticipated results his generosity 
will assist in accomplishing. These satisfactions give an added value to the span of man’s 
days and protect his usefulness to his fellowmen far into the future. 

The Masachusetts Institute of Technology because of the high quality of the education 
given its students, its effective research work for aiding America in peace as well as in 
war, and the high character of its governing body and academic staff qualifies as an insti- 
tution for serving our American ideals for the present and in the years to come. 

But the seach, the finding, and the anticipated accomplishments are not enough; for 
without the properly-worded record, man’s plans for the future may go awry. Hence the 
prophet’s importuning, “—give now,” should be heeded. The giving need not be an 
immediate physical transaction, for written directions replace the spoken word when the 
speaker is no longer present, and a donor can frequently make by will a gift which is 
larger than he can make while living. Truly, “it is well to give when asked, but it is better 
to give unasked, through understanding.” 

A booklet “Gifts by Will,” outlining different forms of bequests to M.LT., is available 
to you or to your atvorney by writing to: 


Director of Development 
Massachusetts Institute of Technology 
Cambridge 39, Massachusetts 
* The ‘‘Prophet”’ by Kahlil Gibran 
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SYSKA & HENNESSY, INC. 


Engineers 


John F. Hennessy ’24 John F. Hennessy, Jr. ’51 





CONSULTATION ° REPORTS 
WASTE DISPOSAL * WATER SYSTEMS 
New York City 


DESIGN ° 
POWER PLANT °* 








STARTING A NEW BUSINESS? 


Large or small—insure it with 


BREWER & LORD 


40 Broad Street 
Boston, Massachusetts 
NORMAN STOLZ XV ‘49 








CHAUNCY HALL SCHOOL 


Founded 1828. The School that specializes in the preparation 
of students for the Massachusetts Institute of Technology. 


Ray D. Farnsworth, Principal, 533 Boylston Street, Boston, Mass. 








ALEXANDER KUSKO, INC. 
Consulting Engineers 
141 Main Street Cambridge 42, Mass. 
ELiot 4-4015 
Research and Development in 


Magnetics Transistor Circuits 
Electric Machinery Control Systems 
Instrumentation Power Supplies 

A. Kusxo "44 J. P. Buake, 54 


J. A. Gauver ’56 G. V. Woon.ey ’55 
K. BeELLenvu ’59 


Technical Books 


RECENTLY announced publications likely to be of espe- 
cial interest to M.I.T. Alumni include: 

Analog and Digital Computer Technology, by Nor- 
man R. Scott, 40, Professor of Electrical Engineering 
at the University of Michigan, a text suitable for self- 
study (McGraw-Hill Book Company, Inc., $12.75), 

Crystal-Structure Analysis, by Martin J. Buerger, °24, 
Professor of Mineralogy and Crystallography at M.L.T. 
(John Wiley & Sons, Inc., $18.50). 

Foundations of Electrodynamics, by Parry H. Moon, 
°27, Professor of Electrical Engineering at M.1.T., and 
Domina E. Spencer, ’39, Associate Professor of Mathe- 
matics, University of Connecticut (D. Van Nostrand 
Company, Inc., probably $7.50). 

Frequency-Power Formulas, by Paul L. Penfield, Jr., 
60, of the M.I.T. Research Laboratory of Electronics 
(The Technology Press of M.I.T. and John Wiley & 
Sons, Inc., $4). 

High Speed Testing (Vol. 1), a symposium co-chair- 
manned by A. G. H. Dietz, °32, Professor of Building 
Engineering, M.I.T., and Frederick R. Eirich, Poly- 
technic Institute of Brooklyn (Interscience Publishers, 
$5). 

Introduction to Mechanics, Matter and Waves, by 
Karl Uno Ingard, ’50, and William L. Kraushaar, Asso- 
ciate Professors of Physics at M.I.T. (Addison-Wesley 
Publishing Company, $9.75). 

Methods of Regional Analysis, by Walter Isard in as- 
sociation with Gerald A. P. Carrothers, ’59, and others 
(The Technology Press of M.I.T. and John Wiley & Sons, 
Inc., $9.50). 

Nuclear Fusion, edited by William P. Allis, °23, Pro- 
fessor of Physics at M.I.T., reporting significant ideas 
on fusion presented at the 1958 conference in Geneva 
(D. Van Nostrand Company, Inc., $12.50). 





T. W. ZETTERBERG 


former member research staffs, M.I.T. and Yale 
and Science and Textbook Officer 
U. S. Information Agency 


EDITING—WRITING 


Cambridge 38, Mass. 
UNiversity 4-5257 


1306 Mass. Ave. 
(At Harvard Square) 

















William H. Coburn & Co. 


INVESTMENT COUNSEL 


68 Devonshire Street 
Boston 9, Mass. 











Looking for a 
PUBLISHER 


YOUR BOOK can be published, 
promoted, distributed by successful, 
reliable company noted for prompt, 
personal service. All subjects. Send for Free 
Booklet. 


VANTAGE PRESS 
120 W. 31st St., New York ! 


Dept. 112 
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PROFESSIONAL CARDS 





JACKSON & MORELAND, INC. 
JACKSON & MORELAND INTERNATIONAL, INC. 
Engineers and Consultants 
ELECTRICAL-MECHANICAL—STRUCTURAL 
DESIGN AND SUPERVISION OF CONSTRUCTION 
UTILITY, INDUSTRIAL AND ATOMIC PROJECTS 
SURVEYS—APPRAISALS—REPORTS 


MACHINE DESIGN—TECHNICAL PUBLICATIONS 
BOSTON WASHINGTON NEW YORK 














FAY, SPOFFORD & THORNDIKE, INC. 
Engineers 


Airports, Bridges, Express Highways 
Water Supply, Sewerage and Drainage Systems 
Port and Terminal Works 
Industrial Plants Incinerators 


Designs Investigations 
Supervision of Construction 


11 Beacon Street Boston, Massachusetts 





Eapre, FREUND & CAMPBELL 
Consulting Engineers 
New York 36, N. Y. 


Mechanical—Electrical—Sanitary 


500 FirrH AVENUE 


Air Conditioning—Power—Process Layouts 
James K. Campbell ’11 





CapPpIroL ENGINEERING CORPORATION 
Consulting Civil Engineers 


DILLSBURG, PENNSYLVANIA, U.S.A. 


Rosert E. Smitu °41, President 





METCALF & EDDY 


Engineers 


Soils, Foundations, Waterworks, Sewage Works, 
* Drainage, Irrigation, Flood Control, Refuse, 
Industrial Wastes, Airports, Highways, Military 
Projects, Industrial and Commercial Facilities. 
STATLER BuiLpinc, Boston 16, MASSACHUSETTS 





MAURICE A. REIDY 


Consulting Engineers 


BRIDGES BUILDINGS 
STRUCTURAL DESIGNS FOUNDATIONS 
CONSTRUCTION CONSULTANT AND ARCHITECTURAL ENGINEER 


Estimates and Appraisals 


101 TREMONT STREET BOSTON, MASS. 





THE KULJIAN CORPORATION 


Consultants e Engineers e Constructors 


UTILITY @¢ INDUSTRIAL @® CHEMICAL 
Power Plants (Steam, Hydro, Diesel), Textile Plants, 
Water & Sewage Works, Oil Refineries, Pipe Lines, 
Army & Navy Installations, Air Fields, Hangars 
H. A. Kutyran °19 A. H. Kuryian °48 
1200 NO. BROAD ST., PHILADELPHIA 21, PA. 


CuarLes NELSON Deses AssociaTEs, INC. 
Engineers and Architects 


Structural, Electrical, Mechanical, Acoustical 
Industrial, Commercial and Municipal Projects 


915 EAST STATE ST. ROCKFORD, ILL. 
C. N. Deses ’35 





GILBERT ASSOCIATES, INC. 
Engineers and Consultants 
Matcotm G. Davis ’25, Vice President 
ALLEN W. Rew ’1l2_~ E. C. Epcar 35 
Steam, Hydro, Diesel, Nuclear Power Plants; Industrial 
Structures; Plant Safety, Utility Rates, Valuations, Reports; 
Purchasing; Chemical Laboratory 


New York @ READING, PA. @ Washington 





Moran, Procror, MugEser & RUTLEDGE 
Consulting Engineers 
Foundations for Buildings, Bridges and Dams; 


Tunnels, Bulkheads, Marine Structures, Soil Studies and 
Tests; Reports, Design and Supervision 


Wutiam H. Mueser '22 Puyure C. Rutiepce 33 
415 Madison Ave., New York 17, N. Y. . 





FaBric RESEARCH LABORATORIES, INC. 
Research, Development, and Consultation 
In the Fields of Fibrous, Organic, and Related Materials 
1000 Providence Highway Dedham, Mass. 
(At Route 128 and U.S. 1 Interchange) 


W. J. Hampurcer, ’21 K. R. Fox, *40 E. R. Kaswext, ’39 





BREWER ENGINEERING LABORATORIES 
Consulting Engineers 
Electric Strain Gage Testing @ Stress Analysis 
Strain Gage Amplifiers @ Strain Gage Switches 
lligh Temperature Strain Gages 


MARION, MASS. 
G. A. Brewer 38 


TEL. 103 
J. D. IncHam °43 





LAUREN B. Hircucock AssOocIATES 
Chemical Engineers 


Industrial Research & Development 

Technical & Economic Evaluations 

. Acquisitions of Processes and Plants 
Commercial Chemical Development—Air Pollution Control 
Lauren B, Hercucock ’20 


60 East 42nd Street 


Technical Advisor, Joun H. ScHAEFER ’26 


New York 17, N. Y. 
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CLEVERDON, VARNEY & PIKE 
Consulting Engineers 


Hersert S. Cieverpon "10 
Joun A. Dow °23 Hanoip E. Procror "17 
Structural Designs Foundations 
Heating, venti, Electric and Plumbing De- 
signs, Industrial Buildings, Reports, Investigations 


120 TREMONT STREET BOSTON 8, MASS. 


Warvo F. Pre °15 
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P TO DECEMBER lI, total of 38,- 

023 Alumni—over 70 per cent of 
those to whom announcements of the 
forthcoming publication of the 11th 
edition of the MIT ALUMNI REGIS- 
TER were sent last May—had checked 
and returned the enclosed IBM card 
thus verifying the data for the indi- 
vidual’s listing in the new book. 


Such an unprecedented response, 
far in excess of the optimistic hopes of 
the undersigned editors, ensures that 
in completeness and accuracy the 
1961 REGISTER will surpass the high 


standards set by its predecessors. 


NCLUDING present Alumni and the 
1959-1960 student body, the 
Alphabetical-Living section of the 
1961 REGISTER will contain an esti- 
mated 56,000 names—each with Class 
numerals, Course, all MIT degrees re- 
ceived . . . and with address, posi- 
tion held, and firm name wherever it 
has been possible to obtain such veri- 
fied information. 


During November, editorial work on 
the Alphabetical-Living section was 
completed, and we began sending 
copy to the printer. Since this main 


1961 Alumni Register 


The First Book Since 1955 Listing 


Former Students of M.I.T. 


(Published by the Alumni Association) 


section will extend over 360 pages of 
text, it has been agreed that no fur- 
ther changes are to be made once a 
listing has been set in type. To do 
otherwise would disrupt pressroom 
and bindery timings and seriously de- 
lay the appearance of finished cloth- 
bound books. 


HEN TYPE-SETTING on the Alpha- 

betical-Living section is finished, 

the data cards will be re-sorted to ob- 

tain copy for the section in which the 

names will be cross-referenced Geo- 
graphically. 


The new book also will contain other 
sections as follows: 


(1) Members of the Corporation 
since 1862, over 430 names with dates 
of service. 


(2) Members of the Institute 
Faculty and Staff since 1865, over 
12,650 names with the Institute De- 
partments in which they served or are 
serving, and their dates of service. 


(3) Officers of the Alumni Associa- 
tion since 1876, with positions held, 
and their dates of service. 


(4) Deceased alumni, now totalling 
more than 14,105, whose names will 
be listed alphabetically with numerals 
in a complete roster. 


gang on the final portions of 
the book is scheduled to com- 
mence in February, five weeks being 
allotted to the printer before finished 
copies are to start emerging from the 
bindery. Thus, we expect to fulfill all 
advance orders by April 10, the Insti- 
tute’s centennial anniversary date. 


pn pea of a 650-page reference 
work such as the forthcoming 11th 
edition of the REGISTER is an ex- 
pensive undertaking. Nevertheless, in 
order to secure a wider distribution 
of the 1961 REGISTER — which will 
list 14 per cent more alumni than the 
book of 1955 —the Executive Com- 
mittee of the Alumni Association 
established a cash discount for ad- 
vance orders accompanied by _pay- 
ment at $7.50 per copy post paid. The 
post-publication price will be $9.00 
per copy. 


H. E. Lospe.yt 717s? 
D. P. SEVERANCE ’38 } Editors 
F. G. LEHMANN ’51 





Order Blank 


Enclosed is $........ for 


M.I.T. Alumni Register 


copies of 


the 1961 Alumni Register at $7.50 per copy. 


Please reserve and bill me later for 


copies of the 1961 Alumni Register at $9.00 


per copy. 


NAME 


STREET 
CITY 


Cr 


ROOM 1-277, M.LT. 


Cambridge 39, Mass. 


You save by sending 
your prepaid order for 
the 1961 Alumni Reg- 
ister now, at $7.50 per 
copy. Post publication 


price will be $9.00. 


Make check payable to 
the Massachusetts Insti- 
tute of Technology. 
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TOMORROW’S CHEMISTRY FOR TODAY’S INDUSTRY 


This is HOECHST... basic research, pilot plant development, engineering 
of chemical process plants...a century of chemical progress. 


Look into tomorrow's chemistry, with HOECHST-UHDE, today. 


PROCESSES : PETROCHEMICAL FERTILIZER CHLOR-ALKALI ¢ ORGANIC « INORGANIC 


MOECHST-UHDE CORPORATION Lp 350 FIFTH AVE., NEW YORK, N.Y. 








to Measure... h 
C: 1 uf to 1000 uf 
for low D — 0.001 fo 1.0 at 1 ke 
Comparison Bridge (Series C) 


C: 1 upuf to 1000 uf 
for high D — 0.1 to 50 at 1 ke 
Comparison Bridge (Parallel C) 





R: IT m&2 to 1 MY ac or de 
Wheatstone Bridge 





UNKNOWN 


7 


L: Imh to 1000 h 
for low Q — 0.02 to 10 at 1 ke 
Maxwell Bridge (Series L) 





UNKNOWN 
L: Imh to 1000 h Oe 
for high Q — 1 to 1000 at 1 kc 
Hay Bridge (Parallel L) 


Type 1650-A Impedance Bridge 
. $450.00 


... and let ORTHONULL* Speed the Balancing Operatic 


With every General Radio Type 1650-A Impedance Bridge you receive ORTHONULL, 
the unique mechanism that eliminates the tedious and frustrating “sliding balance’’ so 
often found when measuring components having high losses. 


You also receive: 

¥ C, R, and L measurement accuracy of wide range of measurements — 0.0012 
+1% (+5% for D & Q — ranges are a to 10 Mo for R, 1 uuxf to 1000 uf for C, 1 uh 
function of frequency); to 1000 h for L; 


W handy, portable “flip-tilt” combination ” battery operability with a built-in tran- 
carrying case and adjustable stand; sistorized 1-kc oscillator and null detector 
oe (for both ac and dc use); Rugged Portable Package 
© frequency range capabilities of 20c to 
20 kc with an external generator; and General Radio’s 2-year warranty. 


Write for complete information, or better yet, contact one of our nearby District Sales Offices and ask about an on-the-job trial. 


*U.S. Patent No. 2,872,639 GENERAL RADIO COMPAN Y The Best Inst 


WEST CONCORD, MASSACHUSETTS In Electroni 





NEW YORK, WOrth 4-2722 CHICAGO PHILADELPHIA WASHINGTON, D.C. SAN FRANCISCO —_LOS_ ANGELES 
NEW JERSEY, Rid Id Hit: 314 Oak Park Abington Silver Spring Los Altos Los Angeles 
. idgefield, WHitney 3-3140 oo 89400 —-HAncock 4-7419 | JUniper 5-1088 | WHitecliff 8-8233  HOllywood 9-6201 








